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Part Number Description 


High Speed Microprogrammable Registered ALUs 
Am2901B 4-Bit Slice, 16 Registers 


Am29116 16-Bit Microprocessor Optimized for High Speed Control 
Am29501 Multiport, Pipelined Processor, 8-Bit Slice 


ALU Auxiliary Circuits 
Am2902A Carry Lookahead 
Am2904 Status and Shift Control Unit for 2901, 2903, 29203 


Register File Extensions for ALUs 
Am29705 . 16-Word by 4-Bit Two-Port Register File, for 2903 


Am29705A Higher Speed Version of 29705, for 2903A 


Am29707 16-Word by 4-Bit Two-Port Register File, for 29203 


Multipliers ; 


Am29510A Higher Speed Version of Am29510 ; 


Am29517A Fastest Version of Am29517 


Am29L517 Low-Power Version of Am29517, < 100ns 

Am25LS14A 8-Bit Serial/Parallel Multiplier 

Am25S557 8x8 Parallel Multiplier, with Latchable Outputs : 
Am25S558 8 x 8 Parallel Multiplier 


Microprogram Sequencers 


Microprogrammable Controller 


Am29PL141 Fuse Programmable Controller 


Clocks 
Am2925 


Single-Chip Clock, Microprogrammable Cycle Lengths 
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Part Number Description 


Interrupt Control 
Am2914 
Am2913 


Vectored Priority Interrupt Controller, Expandable 


Priority Interrupt Expander 


Direct Memory Access 
Am2940 
Am2942 


8-Bit DMA Slice, Microprogrammable 
8-Bit DMA Slice, Compact Version of Am2940 


1/O Ports 
Am2950 
Am2950A 
Am2951 
Am2951A 
Am2952 
Am2952A 
Am2953 
Am2953A 
Am29118 


8-Bit Bidirectional |/O Port with Handshake 

High Speed (IMOX) Version of Am2950 

8-Bit Bidirectional 1/O Port with Handshake, Inverting 
High Speed (IMOX) Version of Am2951 

8-Bit Bidirectional 1/O Port, 24-Pin Slim Package 
High Speed (IMOX) Version of Am2952 

8-Bit Bidirectional 1/O Port, 24-Pin Slim, Inverting 
High Speed (IMOX) Version of Am2953 

8-Bit Bidirectional |/O Port, for 29116 


Dynamic Memory Support Circuits 
Am2960 
Am2960A 
Am2961 
Am2961A 
Am2962 
Am2962A 
Am2964B 
Am2964C 
Am2965 
Am2966 
Am2968 
Am2969 
Am2970 
Am8163 
Am8167 


Error Detection and Correction Unit, 16 Bits, Expandable 
Fastest (IMOX) Version of Am2960 

Multiple Bus Buffer for Am2960, Inverting 

Error Detection and Correction Unit, 16 

Multiple Bus Buffer for Am2960, Noninverting 

Bits, Cascadable 

Dynamic Memory Controller, 64K DRAMs, up to 256K Words — 
Dynamic Memory Controller, 64K DRAMS up to 256K Words 
Octal Dynamic Memory Drivers, Three-State, Inverting 

Octal Dynamic Memory Drivers, Three-State, Noninverting 


Dynamic Memory Controller, 256K DRAMs, up to 1 Megaword 


Memory System Timing Controller 
Memory System Timing Controller 
Timing, Refresh, and EDC Controller for MOS MPUs 
Timing, Refresh, and EDC Controller for MOS MPUs 


Array Processing and Digital Signal Processing 
Am29501 
Am29520 
Am29521 
Am29526 Sine Generator-MSB 
Am29527 
Am29528 
Am29529 
Am29540 


Multiport, Pipelined Processor, 8-Bit Slice 
Multilevel Pipeline Registers, 8-Bit 


Multilevel Pipeline Registers, 8-Bit 


Sine Generator-LSB 
Cosine Generator-MSB 
Cosine Generator-LSB 


FFT Address Sequencer 
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Part Number Description 


Diagnostics 
Am2960 
Am2960A 
Am29818 


Error Detection and Correction Unit, 16 Bits, Expandable . 
Fastest (IMOX) Version of Am2960 


Diagnostics Register, 8 Bits 


. 


Pipeline Registers 
Am29818 
Am29520 
Am29521 


Diagnostics Register, 8 Bits 
Multilevel Pipeline Register, 8 Bits 
Multilevel Pipeline Register, 8 Bits 


Am2921 One-of-Eight Decoder, Three-State, Polarity Control 
Am2922 

Am2923 

Am2924 

Am29806 . 
Am29809 

Am25S05 Four-Bit by Two-bit Two's Complement Multiplier 
Am25S07 
Am25S08 
Am25S09 
Am25S10 4-Bit Shifter, Three-State Outputs 

Am25S$18 Quad D Register with Standard and Three-State Outputs 
Am25LS07 
Am25LS08 
Am25LS09 
Am25LS14A 
Am25LS15 
Am25LS22 
Am25LS23 
Am25LS2513 Eight-to-Three Line Priority Encoder, Three-State 

Am25LS2517 4-Bit ALU/Function Generator 

AM25LS2518 Quad D Register with Standard and Three-State Outputs 

Am25L$2519 Quad Register with Two Independently Controlled Three-State Outputs 
Am25LS2520 Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 
Am25LS2521 
Am25LS2521A 
Am25LS2535 
Am25LS2536 
Am25LS2537 
Am25LS2538 
Am25LS2539 
Am25LS2548 
Am25LS2568 
Am25LS2569 


8-Input Multiplexer with Control Register 
8-Input Multiplexer 

Three-to-Eight Decoder/Demultiplexer 
6-Bit Comparator 

9-Bit Comparator 


Hex/Quad Parallel D Registers with Register Enable 
Hex/Quad Parallel D Registers with Register Enable 
Quad Two-Input, High-Speed Register 


Hex/Quad Parallel D Registers with Register Enable 
Hex/Quad Parallel D Registers with Register Enable 
Quad Two-input, High-Speed Register 

8-Bit Serial/Parallel Multiplier 

4-Bit Serial/Parallel Adder/Subtractor 

8-Bit Serial/Parallel Register, Sign-Extend 

8-Bit Shift Register, Synchronous Clear 


8-Bit Comparator 
Fastest (IMOX) Version of 25LS2521 
8-Input Multiplexer with Control Register 


8-Bit Decoder with Control Storage 

One-of-Ten Decoder, Three-State 

One-of-Eight Decoder with Three-State Outputs and Polarity Control 
Dual 1-of-4 Decoder, Three-State 

Chip Select Address Decoder 

BCD Decode Up/Down Counter, Three-State 

4-Bit Up/Down Counter, Three-State 
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Part Number Description 


Data Communications and Networking 
Am26LS27 
Am26LS28 
Am26LS29 
Am26LS30 
Am26LS31 
Am26LS32 
Am26LS32B 
Am26LS33 
Am26LS38 
Am7960 
Am7990 
Am7991 


Dual Party-Line Transceivers, Serial 

Dual Party-Line Transceivers, Parallel 
Quad Driver RS423, Three-State 

Quad Driver RS422/423 

Quad Driver RS422, High-Speed 

Quad Differential Line Receivers 

Quad Differential Line Receiver RS422/423 


Quad Differential Line Receiver, High Common Mode 


Quad Differential Backplane Transceiver 


Coded Data Transceiver 


Local Area Network Controller for Ethernet 


Serial Interface Adapter 


Description 4 Bits 8 Bits 9 Bits 10 Bits 


Bus Drivers 29827 
29828 

Bus Transceivers (Bidirectional) 2926 29861 
2929 29862 


26810 
26811 
26S12A 


Registered Bus Drivers and Latched Receivers 


Latches 29843 29841 
29844 29842 
Registers 29823 29821 


29824 29822 


Multilevel Pipeline Register eae | 


Diagnostics Register 29618... 


Bidirectional, Double-Registered Bus Transceivers es 2950/A 


2951/A 
2952/A 


2953/A 
29118 
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Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


Bipolar Technologies 


Advanced Micro Devices emphasizes Research and Devel- 
opment expenditures for developing the most advanced 
technologies for Bipolar processing, circuit design, and 
Very Large Scale Integration (VLSI). 


Today, Advanced Micro Devices’ bipolar products combine 
ECL-internal circuitry, the super high performance IMOX™ 
process, and VLSI integration to offer the system designer 
the most compact high performance integrated circuits. 
This, plus AMD's systems solution approach to design 
problems, makes the Am2900 Family the best choice for 
fastest applications. 


IMOX 


First introduced in 1980, IMOX is the name of Advanced 
Micro Devices’ proprietary bipolar process. IMOX is an 
acronym which means: 1) lon-IMplantation of dopants for 
tighter parameter control and lower power consumption; 
and, 2) OXide-isolation of transistor structures which results 
in faster transistor switching and tighter packing. Older, LS- 
_ type processes used diffused isolation for isolating transis- 
tor structures; this had the disadvantage of a large die area 
and high parasitic capacitance. 


AMD is also applying IMOX to bring out higher-speed 
versions of earlier Am2900 devices. Figure 1 shows the 
evolution of the Am2901 Four-bit Microprocessor Slice. 
First introduced in 1975, the Am2901 has been repeatedly 
redesigned and is now available in the IMOX Am2901C 
version, which is less than half the size and more than twice 
the speed of the original Am2901 — and costs less. The 
current generation IMOX process has an 8 micron pitch 
(pitch equals the total of the width of metal lines plus the 
spacings between metal lines). In 1983, AMD brought into 


full scale production a completely new Fabrication Facility 
in San Antonio, Texas which will feature the state-of-the-art 
in process and masking equipment, and allow products 
which feature the IMOX process but with a pitch of only 4 
microns, by late 1983. This version of IMOX is termed 
IMOX-S2. The 50% reduction in metal pitch will dramatical- 
ly increase the level of integration of new products and also 
provides > 30% increase in device speed. 


ECL-INTERNAL CIRCUITRY 


All Am2900 devices today are TTL-compatible on inputs 
and outputs and use standard +5V and ground for supply 
voltages. TTL is a good interface standard for systems 
design today, but TTL gates are slow, and ECL gates are 
much faster. To offer TTL-compatibility but near-ECL 
speeds to our customers, AMD has adopted a circuit design 
approach which features all ECL-circuitry for the internal 
circuitry of all LS! and VLSI devices (see Figure 2). 


This approach, ECL-internal circuitry, provides near-ECL 
speeds to TTL-I/O designers. Of course the ECL gate 
structures inside the device are completely transparent to 
system designers because of the 100% adherence to TTL 
standards for |/O specs. Also, these chips only require 
+5V and ground because internal gates are not the same 
type of ECL gates as those used with 10K or 100K logic. 
The final point to note is that ECL has a reputation for being 
very power intensive. While the Am2900 Family are not low- 
power devices, they do significantly reduce the total power 
usage in a high performance systems design because of 
the large number of SSI/MSI devices they replace. These 
ECL gates are not run at the very high power levels of 
traditional ECL circuits. 


Figure 1. Bipolar Speed/Density Improvements 
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Bipolar Technologies 


Using internal ECL with TTL-I/O does involve paying a 
translation speed penalty at the inputs and outputs of the 
device, but because these devices. are LSI and VLSI! with 
many levels of internal gating between input and output, the 
translation penalty is more than compensated for by the extra 
performance gained by the multiple layers of high speed ECL 
gates. Figure 3 shows an approximate comparison of the 
IMOX- with-internal-ECL approach to other process/circuit 
offerings available to designers utilizing high speed TTL 
compatible ICs. IMOX offers an excellent combination of high 
speed and relatively low power. The speed comes not only 
from the IMOX process but also from the use of ECL gates for 
internal circuitry. The FAST and AS/ALS Families are populat- 
ed primarily with MSI devices where ECL-internal gating is not 
feasible due to the few layers of internal gating relative to the 
TTL/ECL translation delay penalty. Note also that Am2900/ 


Figure 2. Am2900 Circuit Design for 
Maximum Speed 
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Figure 4. Am2900 Bipolar LSI/VLSI 
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IMOX devices use an order of magnitude less power per gate 
than traditional ECL 10K and 100K devices. 


BIPOLAR VLSI 


Advanced Micro Devices is the leader in high integration, high 
performance integrated circuits. Our largest device to date, 
the Am29116, is a 2500-gate device measuring 68,000 square 
mils in area, and currently in development are devices of four | 
times that complexity using our new IMOX-S2 process. AMD's 
emphasis on Very Large Scale Integration bipolar is best 
illustrated in Figure 4 below. 


Figure 4 demonstrates AMD's commitment and leadership in 
large scale integration bipolar since the introduction of the 
original Am2901 in 1975. Another graphic demonstration of 
the growing complexity of our devices is the relative die sizes 
of successively complex arithmetic processors, as shown in 
Figure 5. 


Figure 3. 
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DESIGNER'S GUIDE TO HIGH PERFORMANCE 
LOW-POWER SCHOTTKY LOGIC 


By David A. Laws and Roy J. Levy. 


INTRODUCTION 


Advanced Micro Devices is a leading supplier of low-power 
Schottky MSI and LSI devices. Two basic families of 
product are offered: 


Am54/74LS Series 
@ Typical tpd 10ns/gate at 2mW 
@ Typical Register fmax = 40MHz 


Pin for pin and electrical alternate source devices to the 
standard performance LS logic family. 


Am25LS Series 
@ Typical tpd 5ns/gate at 2mW 
@ Typical Register fmax = 65MHz 


Advanced Micro Devices’ proprietary high performance 
LS logic family. This includes both original designs and 
enhanced specification versions of the Am54/74LS 
devices. Improvements include twice the fan-out over 
the military temperature range, higher noise margin and 
faster switching speeds. 


THE SCHOTTKY DIODE STRUCTURE 


The major components of switching delays in digital inte- 
grated circuits are listed in Figure 1. One of the most 
significant of these is the storage time constant of a 
transistor driven into saturation Ts. Older TTL circuits 
minimized this parameter with process technique known as 
gold doping. This increased the rate of recombination of 
charge stored in the base region. 


The desired result of improved speed was achieved. 
Unfortunately it also reduced available design 6 at low 
temperatures and was marginally effective when hot. This 
resulted in lowered performance over the full military 
temperature range. 


The development of the Schottky diode provides a more 
effective solution. A feature of the Schottky diode is its 
lower forward voltage at a given current level compared to 
a diffused (P-N) diode of the same area, Figure 2. Connect- 
ing a Schottky diode between the base and collector of a 
transistor, Figure 3, will shunt excess base current drive 
from the base to the collector, once the collector drops to a 
low enough voltage to forward bias the Schottky. This 
prevents the build up of stored charge and eliminates the 
Ts component of the delay. 


A Schottky diode is formed at a metal to semiconductor 
junction when the semiconductor doping is at the level 
normally found in the collector region of TTL devices. A 
Schottky-clamped transistor is constructed by extending the 
metal contact for the base region over the collector as shown 
in Figure 4. The same metallization structure forms a simple 
ohmic contact at the base, collector and emitter contact 
window because of the higher doping levels in the silicon at 


these locations. 


2-3 


Figure 2. 
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Figure 3. Schottky Clamped Transistor and 


its Convential Circuit Symbol 
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DESIGNER'S GUIDE TO HIGH 


PERFORMANCE LOW-POWER SCHOTTKY LOGIC 


The selection of the forward voltage drop across the Schottky 


diode, Vsgp, is a Compromise between a high value to insure a 


minimum Vo, but low enough to prevent charge storage in the 
base. Platinum silicide Schottky diodes provide this optimum 
voltage drop. Platinum is deposited and platinum-silicide is 


formed by sintering and annealing. As aluminum has a high. 


affinity for silicon, in order to prevent the aluminum intercon- 
nect metallization from diffusing through the platinum material, 
with resulting lower Vsgp, a barrier of tungsten-titanium is 
evaporated after the platinum and before the aluminum 
metallization. This structure has been extensively evaluated 
and proven to have excellent reliability characteristics. It is 
now widely employed in the manufacture of Schottky devices. 
Reliability data is available from Advanced Micro Devices on 
request. 


CHARACTERISTICS OF SCHOTTKY DEVICES 


The primary reason for the development of Schottky devices 
was to improve AC (switching) performance and the first 
integrated circuits to employ this technique offered propaga- 
tion delays as fast as 3ns. However, their fast rise and fall 
times and high power requirements have restricted their 
application to highest performance systems. It was realized 
that the technique could be used to decrease the charging 
current required to achieve the 10ns speed specification of 
older TTL gates. This insures considerably lower operating 
power requirements. The resulting family of devices are known 
as Low-Power Schottky (LS) circuits. 


2. D.C. Circuit Characteristics 
CIRCUIT CONFIGURATIONS 


The basic circuit design configuration of a Low-Power 
Schottky gate is similar to that of the original standard TTL 
elements. However, certain refinements have been made to 
optimize device performance when fabricated with the LS 
process. 


In order to analyze the circuit configuration, Table 1 shows 
terms used in describing Advanced Micro Devices’ LS circuits: 


PLATINUM SILICIDE 


SCHOTTKY DIODE 
FORMED AT JUNCTION 


SUBSTRATE 


Both the input and output structures of the LS devices 
themselves have evolved through a number of configurations 
as designers have attempted to optimize circuit performance. 


Depending on the function of the device any one of four 
commonly used inputs may be employed. The significant 
characteristics of each of these configurations are summa- 
rized in Figure 5. 


TITANIUM— TUNGSTEN 


Figure 4. Schottky Diode Clamped Transistor Structure. 


TABLE 1. 
D.C. CIRCUIT PARAMETER DEFINITIONS 


he The current out of an input at a specified LOW 
voltage. 

he The current into an input at a specified HIGH 
voltage. 


lov The current into an output when in the LOW 
state. 


lon The current out of an output when in the HIGH 
state (pull-up circuit only). 


Isc The current out of an output in the HIGH state 
when shorted to ground. (Also called Ios) 


Voc The range of supply voltage over which the 
device is guaranteed to operate. 


Viv The guaranteed maximum input voltage that 
will be recognized by the device as a logic 
LOW. 


Vin The guaranteed minimum input voltage that will 
be recognized by the device as a logic HIGH. 


Vor The maximum guaranteed logic LOW voltage at 
the output terminal while sinking the specified 
load current Io. 


Von — The minimum guaranteed logic HIGH voltage at 
the output terminal when sourcing the specified 
source current Io. 


lozy  Three-state off-state output current, high level 
voltage applied. 


lozt Three-state_off-state output current, low-level 
voltage applied. 


ALUMINUM INTERCONNECT 
METALLIZATION 


AF001820 


_ The first LS designs used the familiar multi-emitter TTL input 
of Figure 5a. However because of low breakdown voltage and 


slow speed it is now used only where the geometry offers a 
significant advantage in circuit mask layout. 


The second and still most widely used structure is the simple 
DTL style input of Figure 5b. This is the fastest version and it 
has good input breakdown voltage. In output functions having 


Refer to Page 13-1 for Essential Information on Military Devices 


only a single gate delay between input and output, such as a slower and uses more silicon area, its use is limited to special 


three-state enable input, the low threshold of the DTL configu- situations. A PNP input, Figure 5d, insures low d.c. loading for 
ration causes the output node to be at a sufficiently low devices with common input/output pins such as the 
voltage to risk leakage problems at high temperature. The Am25LS23. However it is “slow and has low breakdown 
input of Figure 5c raises the threshold by one diode to voltage, comparable to the multi-emitter TTL structure. 


overcome this problem (Figure 6). However because it is 
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b) DTL 
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Figure 5. Low-Power Schottky Input Configurations. 
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Figure 6. LS Input Characteristics for DTL and High Threshold Inputs. 
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Figure 7 compares the early LS output configuration with the This example displays an Isc of approximately 35mA. Note that 


design most frequently used today. The change was made to both of these designs include the ''squaring'' network (R3,R, 
provide clamping of positive ringing and to allow the higher Isc and Q;) at the base of the output pulldown transistor, Q,, 
currents now specified (see section 3). The typical Vo, versus which was not included on standard TTL families. The result of 
lon Curves of Figure 8 are similar for both versions. this is a sharp transition of Voy with Vij shown in Figure 9 for 


a simple gate function. 
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Figure 7. Low-Power Schottky Output Configurations. 
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Figure 8. Typical Vo, for Low-Power Schottky. Figure 9. Typical Output Versus Input 
Voltage Characteristic. 


The typical Vo, versus Io, output characteristics of LS devices 
are shown in Figure 10. Most 74LS functions are specified at 
Vo. = 0.4V at Io. =4mA and 0.5V at 8mA. Am25LS are 
specified at 0.45V for lo, = 8mA. Some newer designs are 
being guaranteed at |p, of 12mA and 24mA. This curve 
indicates that lack of 6 at low temperature will not permit 
existing designs to be guaranteed to these higher values 
without severe yield loss. 


Vo. (VOLTS) 
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Figure 10. Typical LS Vo, Versus Io, 


Characteristics. 
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INPUT/OUTPUT LEVELS 


Table 2 shows the guaranteed D.C. parameters of the 
Am54LS/74LS and second generation Am25LS families. Input 
current requirements (lj, |\,) and therefore output drive needs 
(lon, lo.) are significantly reduced over older TTL. 


These parameters for LS devices are shown in Table 2. LS 
has a minimum logic HIGH output voltage of Vo, = 2.5V for 
military and 2.7V for the commercial temperature range. For 
standard TTL, Voy is 2.4V. Vi, is 2.0V for both families. 


DRIVING DEVICE DRIVEN DEVICE 


A one unit load input current at logic HIGH, |, for Am54LS/ sain scala te 
74LS is 20uA, compared with 40uA for Am54/74 standard THIGH DUTUT. 
TTL. Similarly at logic LOW, |, is reduced to —0.36mA from 2ehecent 
-1.6mA. 


Corresponding reductions in the output drive requirements are 
lo. = 4mA vs. 16MA at Vo, = 0.4V and lox = + REE com- 
pared to 800uA. 


FAN-OUT CAPABILITY 


The fan-out capability of a logic family indicates the number of 
inputs which can be driven by a single output. It is defined as 
the maximum output drive current divided by the input current 
available. 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


IMMUNITY 
(HIGH LEVEL) 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


OL = 8mA MIL 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS - VOLTS 
me 


loL = 4mA 


IMMUNITY, 
(LOW LEVEL) 


Logic HIGH Fan-out = loy/Iy, 0.0 
Logic LOW fan-out = Io, /Ij, 


Table 3 shows the fan-out capabilities of typical functions from 
the three families. The lower current operating levels of LS 
devices allow them to be specified at a logic LOW fan-out over 
the commercial range of more than twice that of standard TTL 
(22 vs. 10). The Am25LS family allows this advantage to be 
extended to the military range. 


D.C. NOISE MARGIN 


The D.C. noise margins of digital system are defined from Figure 11. Input/Output Voltage Interface 
Figure 11 as follows: Conditions. 
Logic HIGH Noise Margin = Vou; - Vine 


Logic LOW Noise Margin = Vito - Vyous 
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TABLE 2 
COMPARISON OF TTL DC PARAMETERS 


54LS/74LS LOW-POWER SCHOTTKY 25LS LOW-POWER SCHOTTKY 
Parameters 
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Table 3 compares the guaranteed noise margin values for the 
standard TTL and LS devices. LS devices offer improved 
margin over standard TTL in the logic HIGH state, which is the 
most critical with regard to noise generation. At a similar fan- 
out, 10 for standard TTL and 11 for LS, noise margins in the 
LOW state are the same over the commercial range. 


Military LS devices have a 100mV lower noise margin in the 
LOW state than standard TTL. In most systems, this does not 
present a problem as the lower power supply currents being 
switched with LS generally result in lower system noise 
generation. : 


The logic levels guaranteed over the operating temperature 
ranges are of course worst case. Figures 12 and 13 show the 
typical values to be considerably better than these. 


Am25LS D.C. FEATURES 


The D.C. advantages offered by second generation Am25LS 
over 54/74LS devices can be seen from Table 3 as: 


1.In the logic LOW state at a fan-out of 22 (mA), Am25LS has 
50mvV greater noise margin (350mV vs. 300mV). 


2.Am25LS products are guaranteed at a fan-out of 22 (8mA) 
over the military range. Am54LS is specified at fan-out of 10 
(4mA) only. 


3.Am25LS offers a symmetrical fan-out of 22 in both logic 
HIGH and logic LOW states, allowing full use of the logic 
LOW drive capability. 


TABLE 3 
FAN-OUT AND NOISE MARGIN COMPARISON OF TTL AND LS FAMILIES. 
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Figure 12. LS Logic ''O" Noise Margin. 


FAMILY CURRENT CURRENT 
54LS/74LS 


OP001480 


Figure 13. LS Logic ''1'' Noise Margin. 
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3. Switching Characteristics 


INTRODUCTION 


Many Low-Power Schottky functions have been designed 
specifically to replace standard TTL elements in existing 
system designs. Their A.C. performance characteristics usual- 
ly meet or exceed the limits of the earlier devices. The 
switching terms which are used on data sheets to describe the 
A.C. performance of these designs are summarized in Table 4. 
The more important parameters are discussed in detail in this 
section. 
TABLE 4. 


DEFINITION OF SWITCHING TERMS 


(All switching times are measured at the 1.3V logic 
level unless otherwise noted.) 


fuax The highest operating clock frequency. 

te_y The propagation delay time from an input 
change to an output LOW-to-HIGH transition. 

teu. § The propagation delay time from an input 
change to an output HIGH-to-LOW transition. 

tpw Pulse width. The time between the leading and 
trailing edges of a pulse, measured at the 50% 
points. 

% Rise time. The time required for a signal to 
change from 10% to 90% of its measured 
values. 

t; Fall time. The time required for a signal to 
change from 90% to 10% of its measured 
values. 

4 Set-up time. The time interval for which a signal 
must be applied and maintained at one input 
terminal before an active transition occurs at 
another input terminal. 

t, Hold time. The time interval for which a signal 
must be retained at one input after an active 
transition occurs at another input terminal. 

tuz HIGH to disable. The delay time from a control 

also input change to the three-state output HIGH- 
tpyz _—ilevel to high-impedance transition (measured at 
0.5V change). 

tiz LOW to disable. The delay time from a control 

also input change to the three-state output LOW- 

terz level to high-impedance transition (measured at 
0.5V change). 

ty Enable HIGH. The delay time from a control 

also input change to the three-state output high- 

tezy impedance to HIGH-level transition. 

ta. Enable LOW. The delay time from a control 

also input change to the three-state output high- 

tez. impedance to LOW-level transition. 


PROPAGATION DELAYS 


The standard designations for delays through combinatorial 
logic networks are tp, and tp,4. A delay from an input change 
to an output going LOW is called tp, while tp,,, is the delay 
from an input change to an output going HIGH. 


Figure 14 shows a typical waveform with the output changing 
during the interval indicated by the diagonal, sloping line. Note 
that all switching times shown are measured at the 1.3 volt 
logic level. 
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1.3V 


SAME PHASE _____ 
INPUT TRANSITION 
toy foe 
1.3V 


OL 
'PLH ae PHL —e 


OPPOSITE PHASE ay 
(INPUT TRANSITION. é 
pe ae OY 


WF003040 


Figure 14. Propagation Delay. 


Typical values for a single gate propagation delay tp, in Low- 
Power Schottky functions are 8-10ns into a 15pF load. Higher 
performance LS families such as Am25LS, exhibit delays in 
the 4 - 6ns range. These propagation delays will increase by 2 
- 4ns at an output loading of 50pF or approximately 0.1ns per 
pF. 


EDGE RATES 


The rise and fall times of Low-Power Schottky devices are 
similar to those of standard TTL. Into a 50pF load fall time, t,, 
is typically 6—-8ns, while rise time, t,, is in the 9-12ns range. 
A.C. parameters are measured at t;<6ns and t, < 15ns. 


As with standard TTL, careful P.C. board layout rules should 
be employed to avoid problems which can occur at these 
relatively fast edge rates. In particular, precautions should be 
taken to insure that transmission line effects do not cause 
false switching or ringing and oscillation problems on lines 
longer than 18 inches. See Section 4 for more information. 


SEQUENTIAL DEVICES 


Set-up time, t,, hold time, t,, are the most important parame- 
ters for specifying sequential elements such as latches, 
flipflops and registers. 


For these synchronous devices, inputs must be stable for a 
certain period of time before the clock or enable pulse. This 
interval is the region in time during which devices are 
‘sampling’ their inputs. As an example, consider a latch with 
a D input and an active LOW clock. The latch will store the 
information present on its input just before the clock goes 
HIGH. The question is, how long does the input level have to 
be present and stable before the clock goes HIGH? A 
particular device will ''sample'’ its input at some exact instant, 
but in a group of devices some are slower than others. The 
result is an interval of some time called set-up time during 
which all devices, fast or slow, will ''sample'' their inputs. 


All devices exhibit a hold time. That is a period of time after the 
clock or enable pulse transition during which the data cannot 
be changed without loss of input intelligence. This hold time 
occurs after the clock goes HIGH. Figure 15 shows the input 
requirements and definitions for data entry. 
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WF003020 
Notes: 1. Diagram shown for HIGH data 
only. Output transition may be 
opposite sense. 
2. Cross hatched area is don't 
care condition. 


Figure 15. Set-up and Hold Time Definitions. 


fax 


A frequently misunderstood parameter on data sheets is 
maximum clock frequency fyax. This was defined by the early 
TTL manufacturers as the maximum toggle frequency which 
can be attained by the device under ideal conditions with no 
constraints on t,, t;, pulse width, or duty cycle. Although fax as 
specified cannot usually be attained in an operating system, it 
is a relatively easy parameter to test and provides a conve- 
nient measure of comparative performance between different 
devices. 


EFFECTS OF TEMPERATURE AND POWER 
SUPPLY VARIATIONS 


Standard TTL devices exhibit severe degradation in A.C. 
performance at the recommended limits of the operating 
temperature and power supply voltage ranges. 


At elevated temperature and/or high Vgc levels, charge 
storage begins to slow down A.C. response. At the other 
extreme, low temperature and/or low Vcc, the loss of 6 causes 
a similar problem. These combined effects can cause more 
than 50% degradation in performance over the full military 
temperature and power supply extremes. 


Low-Power Schottky technology reduces the impact of both of 
these effects on performance. 6 degradation at cold tempera- 
tures is far less severe and Schottky clamping largely elimi- 
nates the effects of charge storage at high temperature. 
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TABLE 5. GUIDELINES FOR TYPICAL VARIATION 


OF A.C. PARAMETERS WITH COMBINED 
TEMPERATURE AND Vcc VARIATION 


AC Derating 


Factor 
- Variation 


Sys- | Compo- 
(Nominal 5V) tem nent 
None | sm | tom 
none | 19% | aoe 


The system's designer would like a factor which will allow his 
system to meet specification with minimum design overkill. 
However, the component engineer often requires maximum 
delays to be guaranteed. For system design guidelines, the AC 
derating factors of Table 5 may be useful. 


Vec 


Temperature Range 


COM'L, 
0°C to +70°C 


COM'L, 
0°C to +70°C 


MIL, 
-55°C to + 125°C 


lt must be emphasized that the values of Table 5 are typical. 
However as it is unlikely that any given system will contain all 
worst case devices they will usually yield a fairly safe 
prediction of the system performance which can be achieved. 


Individual components will of course be slower than these 
typical numbers. These must be reflected on procurement 
specifications. A general rule of thumb would be to double the 
system design guidelines of Table 5. Am25LS specifications 
are published with worst case parameters guaranteed over the 
operating power supply and temperature ranges, as well as at 
a realistic system load condition of 50pF. A typical example of 
this format is shown in Table 6. 


SHORT CIRCUIT OUTPUT CURRENT 


To improve performance, in 1975 TI lowered the short-circuit 
current limiting resistor value. This increased the Isc (los) range 
from —6 to -42mA up to -30 to -130mA. The overall delay 
when driving very large capacitive loads (> 150pF) was 
reduced somewhat as a result. However, the inherent circuit 
performance still dominates in normal applications such that 
the Am25LS and other high performance families remain 
faster even when driving large capacitive loads. 
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TABLE 6 
Am25LS2513 THREE-STATE PRIORITY ENCODER 
A.C. SPECIFICATION FORMAT FOR Vcc AND TEMPERATURE 
EXTREMES AND 50pF LOAD CONDITION 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


omen, 
PHL 
Bh ee ee ree 
ERY ee a 
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i gouge GUE iL a 
= 
= 
tZL 
a 
LZ = 5.0 
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tLz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


COMMERCIAL MILITARY 
Am25LS Am25LS 
Parameters Description Test Conditions | Min | Max | Min | Max 
t Ae Be ORE I Ss 
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ae Wis OS Dee Or 
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a 
oe ee 
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Ry = 2.0k 
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4. Design Guidelines 
POWER SUPPLY CONSIDERATIONS 


The recommended power supply voltage (Vcc) for all TTL 
circuits, including LS, is +5V. Commercial temperature range 
devices, designated 74LS or in the case of Am25LS with the 
suffix C, are specified with a +5% supply tolerance (+250mV) 
over the ambient range 0°C to 70°C. Military range parts, 
designated 54LS or in the case of Am25LS with the suffix M, 
are guaranteed with a +10% supply tolerance (t500mV) over 
an ambient temperature range of -55°C to +125°C. The 
power supply should be well regulated with a ripple less than 
5% and with regulation better than 5%. Even though LS 
devices generate significantly smaller power supply spikes 
when switching than standard TTL, on-board regulation is still 
preferable to isolate this noise to one board. 


A low-inductance transmission line power distribution bus with 
good RF decoupling is necessary for large systems. On all 
boards, ceramic decoupling capacitors of 0.01uF to 0.1uF 
should be used at least one for every five packages, and one 
for every one-shot (monostable), line driver and line receiver 
package. In addition, a larger tantalum capacitor of 20uF to 
100uF should be included on each card. On boards containing 
a large number of packages, a low impedance ground system 
is essential. The ground can either be a bus or a ground which 
is incorporated with the Vcc supply to form a transmission line 
power system. Separate power transmission systems can be 
attached to the board to provide this same feature without the 
cost of a multi-layer PC card. 


UNUSED INPUTS 


An unused input to an AND or NAND gate should not be left 
floating as it can act as an antenna for noise. On devices with 
storage, such as latches, registers and counters, it is particu- 
larly important to terminate unused inputs (MR, PE, PL, CP) 
properly since a noise spike on these, inputs might change the 
contents of the memory. This technique optimizes switching 
speed as the distributed capacitance associated with the 
floating input, bond wire and package leads is eliminated. To 
terminate, the input should be held between’ 2.4V and the 
maximum input voltage. One method of achieving this is to 
connect the unused input to Vcc. Most LS inputs have a 
breakdown voltage >7V and require no series resistor. 
Devices specified with a maximum 5.5 volt breakdown should 
use a 1k{2 to 10kQ2 current limiting series resistor to protect 
against Vcc transients. Another method is to connect the 
unused input to the output of an unused gate that is forced 
HIGH. Do not connect an unused input to another input of the 
same NAND or AND function. Although recommended for 
standard TTL, with LS this increases the input coupling 
capacitance and reduces A.C. noise immunity. 


TRANSMISSION LINE EFFECTS 


The relatively fast rise and fall times of Low-Power Schottky 
TTL (5 to 15ns) can cause transmission line effects with 
interconnections as short as 18 inches. With one TTL device 
driving another and the driver switching from LOW to HIGH, if 
the propagation delay of the interconnection is long compared 
to the signal rise time, the arrangement can behave like a 
transmission line driven by a generator with a non-linear 
output. 


The initial voltage step at the output, just after the driver has 
switched, propagates down the line and reflects at the end. In 
the typical case where the line is open ended or terminated in 
an impedance greater than its characteristics impedance 
(ZoL), the reflected wave arrives back at the source and 
increases Vout. If the total round-trip delay is longer than the 
rise time of the driving signal, a staircase response results at 
the driver output and along the line. If one of the driven 
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devices is connected close to the driver, the initial output 
voltage (VouT) seen by it might not exceed Vip. The state of 
the input is undetermined until after the round trip of the 
transmission line, thus slowing down the response of the 
system. 


The longest interconnection that should be used with LS 
devices without incurring problems due to line effects is in the 
10-12 inch range. 


With longer interconnections, transmission line techniques 
should be used for maximum speed. Good system operation 
can be obtained by designing around 100 ohm lines. A 0.026 
inch (0.65mm) trace on a 0.062 inch epoxy-glass board 
(E, = 4.7) with a ground plane on the other side represents a 
1002 line. 28 to 30 gauge wire (0.25 to 0.30mm) twisted pair 
line has a characteristic impedance of 100 to 115Q. 


LINE DRIVING AND RECEIVING 


For lines longer than 2 feet, twisted pairs or coaxial cable 
should be used. The characteristic impedance of the transmis- 
sion media should be approximately 12022 such as twisted 
pairs of #26 wire or 10022 coax. A possible choice is cables 
with a characteristic impedance Ro of 10022 such as ribbon 
cable or flat cable with controlled impedance. Resistive pull- 
ups at the receiving end can be used to increase noise margin. 
Where reflection effects are unacceptable, the line must be 
terminated in its characteristic impedance. A method shown in 
Figure 16 has the output of the line tied to Vcc through a 
resistor equivalent to the characteristic impedance of the line. 
As the output impedance of the LS driver is low and must sink 
the current through it, in addition to the current from the inputs 
being driven, a useful technique is to terminate the line in a 
voltage divider with two resistors, each twice the line imped- 
ance. 


Rg = CHARACTERISTIC 
IMPEDANCE OF LINE 


DATA 
TWISTED PAIR OUT 
ENABLE = OR COAX = STROBE 
AF002041 
Ra =Re=2Zo 
Ra=Zo 


Figure 16. LS Driving Twisted Pair. 


This reduces the extra sink current by 50%. Where the line 
exceeds five feet in length it is preferable to dedicate gates 
solely to line driving. 


For additional noise immunity when driving long lines, a 
differential line driver and line receiver may be used. These 
dedicated line interface circuits drive a twisted pair of wires 
differentially, permit easy termination of lines and provide 
excellent common mode noise rejection. 


The Am26LS31 driver and Am26LS32 and Am26LS33 are 
quad differential line drivers and receivers satisfying the 
interface requirements of EIA RS-422 and 423 as well as 
military applications, Figure 17. They are designed to operate 
off the standard 5V power supplies of the LS logic devices. 
More applications information on line termination techniques is 
provided on the above mentioned device data sheets. 
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CROSS-TALK AND RINGING 


These two problems may be experienced with all forms of high 
speed digital logic. Crosstalk is the coupling of energy from 
one circuit to another via real or parasitic capacitance and 
inductance. Ringing is the possible rebound of the signal into 
the input threshold region (0.8 -— 2.0V) following a HIGH-to- 
LOW level change. When a driver switches from a HIGH-to- 
LOW state the output voltage should fall below the threshold 
value. However, a line having a very low characteristic 
impedance does not allow transistor Q5 in the NAND gate 
example to saturate, and the resulting output voltage may not 
be low enough to switch an adjacent device until two or more 
line delay times. The low current levels at which LS devices 


operate, coupled with the low output impedance in both HIGH 
and LOW Logic states, minimize crosstalk effects. Input clamp 
diodes provided on all LS devices are extremely effective in 
reducing ringing phenomenon. 


Care should be taken to insure that signals with falling edges 
faster than 2.5-3ns/volit are not coupled into the input of an LS 
function. Even though the signal may not pass into the 
threshold region, if the pulse edge is fast enough, sufficient 
energy may be capacitively coupled onto a sequential device 
to cause it to change state: High speed Schottky elements in a 
test setup can exceed this limit. However in an active system, 
the edges will generally be slowed sufficiently to eliminate any 
problem. 


SHIELD OR COMMON GROUND RETURN 


AF001890 


Figure 17. Differential Line Driving and Receiving with the Am26LS31 and Am26LS32. 
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DEFINITION OF STANDARD TERMS 


DEFINITION OF A.C. SWITCHING TERMS DEFINITION OF D.C. TERMS 


(All switching times are measured at the 1.3V logic 


level for Low-Power Schottky and the 1.5V logic level HIST: ppt ee ee eer 


for Schottky unless otherwise noted.) L LOW, applying to a LOW voltage level. 
fwmax The highest operating clock frequency. ! Input 
tpLH The propagation delay time from an input oO Output 


change to an output LOW-to-HIGH transition. 


Negative Current flowing out of the device. 
tpH_ The propagation delay time from an input Current . 
change to an output HIGH-to-LOW transition. 


Positive Current flowing into the device. 
tpw _—~ Pulse width. The time between the leading and Current 
trailing edges of a pulse. 


lie LOW-level input current with a specified 
tr Rise time. The time required for a signal to LOW-level voltage applied. 
ny OO ee pide measured hy HIGH-level input current with a specified 
: HIGH-level voltage applied. 
ty Fall time. The time required for a signal to : 
change from 90% to 10% of its measured loL OT ote! Ou ane 
values. lou HIGH-level output current. 
ts Set-up time. The time interval for which a signal Isc Output short-circuit source current. 
must be applied and maintained at one input lee The supply current drawn by the device 


terminal before an active transition occurs at 
another input terminal. 


from the Vcc power supply. 


th Hold time. The time interval for which a signal lozH Theee.s take! oF plaeoulpet quran HIGH: 
level voltage applied. 
must be retained at one input after an active 
transition occurs at another input terminal. loz. Three-state off-state output current, LOW- 


tz HIGH to disable. The delay time from a control feno! SONSGO Sar 


input change to the three-state output HIGH- Vcc The range of supply voltage over which the 
level to high-impedance transition (measured at device is guaranteed to operate. 
0.5V change). 


ViL The guaranteed maximum input voltage 

tLz LOW to disable. The delay time from a control that will be recognized by the device as a 
input change to the three-state output LOW- logic LOW. 

pike ed pedance transition {measured at Vin The guaranteed minimum input voltage 

ge). that will be recognized by the device as a 
tZH Enable HIGH. The delay time from a control logic HIGH. 


input change to the three-state output high- 


a VoL The maximum guaranteed logic LOW 

impedance 10 Marr level Baneton. voltage at the output terminal while sinking 
tZL Enable LOW. The delay time from a control the specified load current Io,. 

input change to the three-state output high- Vous The minimum guaranteed logic HIGH 


impedance to LOW-level transition. voltage at the output terminal when 


sourcing the specified source current Ion. 


. PARAMETER MEASUREMENTS 
LOAD TEST CIRCUIT SET UP, HOLD, AND RELAESE TIMES 
FOR THREE-STATE OUTPUTS 


Vcc 
RL cata VW WAAAY “ 
ail inpuT AAAAAA 2 WW i 


ty 
ALL DIODES | oe 
1N916 OR 3V 


1.5V 


TEST 
POINT 


FROM OUTPUT 
UNDER TEST 


Cy INCLUDES 
PROBE AND JIG 
CAPACITANCE 


OV 
WF001460 


TC000350 


Note: For standard totem-pole outputs, Notes: 1. Diagram shown for HIGH data only. Output 
remove Ry. S; and So closed. transition may be opposite sense. 
2. Cross hatched area is don't care condition. 
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—_—____—_—— 3V 
SAME PHASE tiv" 
INPUT TRANSITION : 
OV 
Pon an "PHL 
ope Voy 
OuTRUT SS eS ays 
Vou 
3V 
OPPOSITE PHASE 
INPUT TRANSITION 1.5V 
OV 
WF001420 


LOW-HIGH LOW 
PULSE 


HIGH-LOW- HIGH 
PULSE 


ENABLE AND DISABLE TIMES 


Enable 


CONTROL 
INPUT 


OUTPUT 
NORMALLY LOW 


OUTPUT 
NORMALLY HIGH 


2 
haa 
1.5V 
$1; OPEN 
—— ~0V 


Disable 


PULSE WIDTH 


WF001270 


WF001290 ! 
Notes: 1. Diagram shown for Input Control Enable-LOW and Input Control Disable-HIGH. 
2. Si and So of Load Circuit are closed except where shown. 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Zo = 5022; tp <2.5ns; ts <<2.5ns for Schottky. 
Rate < 1.0MHz; Zp = 5022; tr < 15ns; t}<6ns for Low-power 


Schottky. 
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Become Faster and Faster 


Am2900 Components Continuously 


Am2900 Components Continuously Become 
Faster and Faster 


MORE SPEED: NO MORE POWER 


There's a good old tried and proven way to make faster 
IC's — burn more power. (That's the only real difference 
between '"'LS" and ''S'' devices). But that solution isn't 
satisfactory for LSI devices like the Am2900 Family. Power 
is constrained to existing levels for reliability reasons. 


Am2900 parts are always designed to obtain the maximum 
speed at a power level which is safe for the package types 
and operating environment of the part. To increase speeds, 
new technologies must be used to build faster components 
at no increase in power. 


NEW CIRCUIT DESIGN TECHNIQUES MAKE 
FASTER GATES 


One way to make faster components is to use new circuit 
design techniques. The most obvious is internal ECL, which 
provides very fast gates at similar power levels to LS TTL. 
The Am29116 reaches microcycle times of 100ns through 
the use of internal ECL. Other design techniques, such as 
low-level logic (with very small logic swings on-chip), can 
also provide higher speeds without introducing the time 
penalty of ECL to TTL conversion. 


Finally, very low power gates used in non-critical speed 
paths make more power available for use in critical speed 
paths. As the 2900 Family develops, all these technologies 
will be used within a single component to achieve the 
highest speeds without increasing power. The Am2903A is 
one of the first products to take advantage of this mixed 
circuit technology. 


IMPROVED PROCESS CONTROL ALLOWS 
TIGHTER SPECS 


Today's 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters 
before an AC specification is published. As manufacturing 
technology improves, the process is subject to smaller run- 


Figure 1. Price/Performance Improvements 


SPEED X COST 


AF001390 
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to-run variations, so that all of the product is closer to 
design nominal. This makes it possible to specify parame- 
ters more closely to typical without incurring large yield 
losses. The first product reflecting this is the Am2903. 


WHAT'S GOOD FOR THE GOOSE IS GOOD 


FOR THE GANDER 


Many new tools in production technology are emerging, 
primarily spurred by the emphasis on high-speed MOS 
memories. The same tools, such as projection masking, 
also provide for smaller geometries in bipolar circuits. As 
MOS gets faster, so does bipolar. The Am2901C obtains its 
speed improvement over the Am2901B through these 
tools. 


PROCESS TECHNOLOGY TAKES A QUANTUM 
LEAP 


Current generation LSI/VLSI bipolar devices call for state- 
of-the-art processing technologies. IMOX'™ ion-implanted 
micro-oxide technology gives the Am2901C its perfor- 
mance improvement over the Am2901B. IMOX also gener- 
ates incredible packing densities — the Am29116 has 2500 
gates on a single bipolar chip! 


DESIGN FOR THE FUTURE 


Every Am2900 part will undergo an evolution as new 
technologies become practical for production. Every part 
type will continuously become faster. The results are easy 
to observe - increases in performance at no additional cost 
(see Figure 1). 


Most existing 2900 designs can be offered in higher 
performance versions simply by substitution of the 2901C 
for the 2901B, the 2909A for the 2909, and 2903A for the 
2903, and so forth. Your 2900 design won't run out of 
speed in a few years. Advanced Micro Devices' 2900 
Family will serve tomorrow's needs as well as today's. 


Figure 2. Bipolar Speed/Density Improvements 


Am2901 FOUR-BIT MICROPROCESSOR SLICE 


540 GATES 800mW 40-PIN DIP 


DIE Am2901 Am2901A Am2901B Am2901C 
SIZE 33,000 MILS? 20,000 MILS? 15,000 MILS* 15,000 MILS2 


SPEED 
A, BG, P 


80ns 65ns 50ns 37ns 


ECL 
TECH- Low-power DUAL LAYER peojection INTERNAL 


METAL ION- 
NOLOGY SCHOTTKY IMPLANTATION PRINTING Beet 
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INTRODUCTION 
THREE GENERATIONS OF TTL 


Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed in the mid-1960's. It 
has proven itself to be manufacturable in high volume using an 
extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, faster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 


The circuits built using TTL technology have gone through two 
generations; the Am2900 Family represents the beginning of 
the third. Each generation consists of circuits which are 
fundamental building blocks of systems — circuits which can 
be interconnected in many different ways to build many 
different systems. Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the rapid 
cost reductions characteristic of the integrated circuit industry. 


The quality which distinguishes one generation from another is 
the level of integration used, and, because of the level of 
integration, the philosophy behind the circuit. 


lf one draws a curve plotting the cost of an individual gate 
against the number of gates on a chip, Figure 1 results. 


LABOR 


INTENSIVE 
Ww 
= 
x 
2 
= 
2) 
(e) - 
s) 
SILICON 
INTENSIVE 


GATES/CHIP 


AF001500 


Figure 1. 


At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip is small enough that it 


does not represent a significant portion of the cost of the 


product — it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of process- 
ing an order, shipping and fixed overhead. Doubling the 
number of gates on the chip doesn't materially affect the cost 
so the cost per gate halves. As the number of gates per chip 
increases, the die begins to cost more, reversing the down- 
ward trend. As die cost dominates, the cost per gate remains 
relatively flat until the yield of the die begins to decline 
markedly. The cost per gate then begins to rise again. The 
lowest cost per gate is achieved at a level of integration corre- 
sponding to the flat region. This is the optimum level of integration. 


As technology improves, costs are constantly reduced and the 
optimum level of integration occurs at more and more gates 
per chip. 


The three curves of Figure 2 are the reason for the three 
generations of TTL. Each generation has consisted of funda- 
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. 


COST/GATE 


GATES/CHIP 


OP001450 
Figure 2. 


GENERATION |! — SSI, 1965 


In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gates — 7400, 7410, 7420 — and, pressing the 
state of the art, some flip-flops. They were fundamental 
building blocks. 


GENERATION ti — MSI, 1970 


Beginning around 1968, it became economical to put more 
gates on a chip and the industry was faced with a problem: 
How does one put 20 gates on a chip and build a universal 
building block? Clearly, one answer was to bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda- 
mental building blocks. The new building blocks fell into seven 
categories: 

@ Counters 

@ Decoders 

@ Multiplexers 

@ Operators (adders, comparators) 

@ Encoders 

@ Registers 

@ Latches 
All systems could be defined in terms of these seven 
functions, and integrated circuits could be defined at the 
20-50 gate/chip level which performed these functions effi- 
ciently. This, of course, is MSI. Over the last six or seven 
years, more and more circuits of this type have been intro- 
duced, utilizing standard gold-doped technology, low-power 
TTL, high-speed TTL, Schottky TTL, and now low-power 
Schottky TTL technology. Today, there are over 250 different 
MSI circuits and new ones appear every month. But in today's 
technology, many of these circuits are not particularly cost 
effective. They are too small for today's technology and their 
costs are labor intensive. (Labor costs do not follow traditional 
semiconductor pricing patterns.) In 1977, the optimum level of 
integration for bipolar logic was around 500 gates chip. 


GENERATION Ili — The Am2900 Family, 1976 


At a 500-gate-per-chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions was needed. Advanced Micro 
Devices has defined these eight categories: 

@ Data Manipulation 

@ Microprogram Control 

@ Macroprogram Control 

@ Priority Interrupt 

@ Direct Memory Access 

@ |/O Control 

@ Memory Control 

® Front Panel Control 
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Become Faster and Faster 


Am2900 Components Continuously 


The Am2900 Family includes circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; they 
are fast — utilizing Low-Power Schottky TTL technology and 
AMD's proprietary IMOX™™ technology; they are expandable; 
they are flexible — useful in emulation; and they are driven 
under microprogram control. 


IMOX AND ECL — THE NEXT STEP 


Ever increasing complexity placed greater and greater de- 
mands on existing process technologies. Advanced Micro 
Devices responded to this challenge by introducing its revolu- 
tionary IMOX ion-implanted micro-oxide technology in 1980. 
Oxide isolation generated faster transistor switching and 
tighter packaging. lon-implantation meant tighter parameter 
control and lower power consumption. The bottom line — an 
unequalled combination of speed and density culminating in 
the Am29116 with a staggering 2500 gates-per-chip. Figure 3 
shows this climb in gate density. 
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Figure 3. Am2900 Bipolar LSI/VLSI 


Future refinements of IMOX and new device technologies will 
keep AMD on the leading edge in bipolar LSI/VLSI. Designed 
to take advantage of these improvements in process technol- 
ogy, a new family of microprogrammable 32-bit controller 
products will set the pace for bipolar VLSI in the mid-1980s. 


THE Am2900 FAMILY 


The Am2900 Family consists of a series of LSI building blocks 
designed for use in microprogrammed computers and control- 
lers. Each device is designed to be expandable and sufficient- 
ly flexible to be suitable for emulation of many existing 
machines. It is the wide variety of machine architectures 
possible with the Am2900 Family which sets it apart from the 
fixed-instruction microprocessors such as the Am8086. 


While an Am8086 can be used to build a microcomputer with 
only four or five packages, an Am2900 design will require 30 or 
40 or more. The Am8086 design will, therefore, almost always 
be cheaper. But the Am8086, or any other fixed-instruction 
processor, can execute only one instruction set, so it is not 
really suitable for emulation of another machine. 


Moreover, a fixed-instruction processor operates only on 
words of a single length, e.g., sixteen bits. An Am2900 design, 
on the other hand, can be constructed for any word length 
which is a multiple of four bits. 


Many applications require specialized operations to be per- 
formed at relatively high speed. Such functions as multiply and 
divide and special graphic control operations, can be done in 
microcode 10-100 times faster than in fixed-instruction MOS 
processors. 
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MICROPROGRAMMED ARCHITECTURE 


Most small processors today are being designed using a 
technique called microprogramming. In microprogrammed 
systems, a large portion of the system's control is performed 
by a read only memory (usually PROM) rather than large 
arrays of gates and flip-flops. This technique frequently 
reduces the package count in the controller and provides a 
highly ordered structure in the controller, not present when 
random logic is used. Moreover, microprogramming makes 
changes in the machines' instruction set very simple to 
perform — reducing the post-production engineering costs for 
the system substantially. 


The Am2900 Family of Bipolar LSI devices has been designed 
for use in microprogrammed systems. Each device performs a 
basic system function and is driven by a set of control lines 
from a microinstruction. 


Figure 4 illustrates a typical system architecture. There are two 
'sides'' to the system. At the left is the control circuitry and on 
the right is the data manipulation circuitry. The block labeled 
''2901C array'' consists of the ALU, scratchpad registers, data 
steering logic (all internal to the Am2901Cs), plus left/right 
shift control and carry lookahead circuit. Data is processed by 
moving it from main memory (not shown) into the 2901C 
registers, performing the required operations on it and return- 
ing the result to main memory. Memory addresses may also be 
generated in the 2901Cs and sent out to the memory address 
register (MAR). The four status bits from the 2901Cs ALU are 
captured in the status register after each operation. 


The logic on the left side is the control section of the 
computer. This is where the Am2909A, 2910A, or 2911A is 
used. The entire system is controlled by a memory, usually 
PROM, which contains long words called microinstructions. 
Each microinstruction contains bits to control each of the data 
manipulation elements in the system. There are, for example, 
nine bits for the 2901C instruction lines, eight bits for the A and 
B register addresses, two or three bits to control the shifting 
multiplexers at the ends of the 2901C array (see Figure 19, 
2901C data sheet), and bits to control the register enables on 
the MAR, instruction register, and various bus transceivers. 
When the bits in a microinstruction are applied to all the data 
elements and everything is clocked, then one small operation 
(such as a data transfer or a register-to-register add) will occur. 


A ''machine instruction'' (such as a minicomputer instruction 
or an 8086 instruction) is performed by executing several 
microinstructions in sequence. Each microinstruction there- 
fore contains not only bits to control the data hardware, but 
also bits to define the location in PROM of the next microin- 
struction to be executed. The fields are labeled in Figure 4 as 
|, CC, and BA. The | field controls the sequencer. It indicates 
where the next address is located — the uPC, the stack, or the 
direct inputs — and whether the stack is to be pushed or popped. 


The CC field contains bits indicating the conditions under 
which the | field applies. These are compared with the 
condition codes in the status register and may cause modifica- 
tion to the | field. The comparing and modification occurs in 
the block labeled "control logic''. Frequently this is a PROM or 
PLA. In the case of the Am2910, it is built into the chip. The BA 
field is a branch address or the address of a subroutine. 


PIPELINING 


The address for the microinstructions is generated by the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an access time later, the 
microinstruction is at the ROM outputs. 


A pipeline register is a register placed on the output of the 
microprogram memory to essentially split the system in two. 
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The pipeline register contains the microinstruction currently 
being executed @). (Refer to the circled numbers in Figure 4.) 
The data manipulation contro! bits go out to the system 
elements and a portion of the microinstruction is returned to 
the sequencer (@) to determine the address of the next 
microinstruction to be executed. That address © is sent to the 
ROM and the next microinstruction @ sits at the input of the 
pipeline register. So while the 2901Cs are executing one 
instruction, the next instruction is being fetched from ROM. 
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Figure 4. 


Note that there is no sequential logic in the sequencer 


between the select lines and the output. This is important | 


because the loop @) to @ to © to @ must occur during a 
single clock cycle. During the same time, the loop from @ to 
(©) must occur in the 2901Cs. These two paths are roughly the 
same (around 200ns worst case for a 16-bit system). The 
presence of the pipeline register allows the microinstruction 
fetch to occur in parallel with the data operation rather than 
serially, allowing the clock frequency to be doubled. 
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The system shown in Figure 4 works as follows. A sequence of 
microinstructions in the PROM is executed to fetch an 
instruction from main memory. This requires that the program 
counter, often in a 2901C working register, be sent to the 
memory address register and incremented. The data returned 
from memory is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 
or PLA to generate the address of the first microinstruction 
which must be executed to perform the required function. A 
branch to this address occurs through the sequencer. Several! 
microinstructions may be executed to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the instruction fetch cycle. At 
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this point, there may be branches to other sections of 
microcode. For example, the machine might test for an 
interrupt here and obtain an interrupt service routine address 
from another mapping ROM rather than start on the next 
machine instruction. There are obviously many possibilities. 
Throughout this data book, in application netes, and within 
data sheets, some suggested techniques will be found. 


Additional application notes are in preparation and are 
planned for publication. Advanced Micro Devices’ Applica- 
lions' staff is available to answer questions and provide 
technical assistance as well. They may be reached by calling 
(408) 732-2400, or, outside California (800) 538-8450. Ask for 
Am2900 Family Applications. 
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Am29100 High-Performance 


Am29100 High-Performance Controller Products 


A BETTER WAY IS HERE 


A new family of products from Advanced Micro Devices 
makes high-performance controller design a snap. 


MICROPROGRAMMING; BEST FOR 
COMPUTERS, BEST FOR CONTROLLERS 


Microprogramming, long the preferred approach for com- 
puter design, offers lots of advantages in controllers as 
well. The ease with which the functions of a micropro- 
grammed controller can be enhanced and modified made 
the original 2900 Family popular for many disk, printer and 
communications controllers. The high-speed operation of 
these microprogrammed systems makes it possible to 
handle higher data rates from newer peripheral devices and 
to build intelligence into the controller. 


But the original 2900 products are architecturally oriented 
toward computers, with design features optimized for 
arithmetic functions and short sequences of microinstruc- 
tions. MOS processors are good choices for many low- 
speed applications, but when the demand for speed and 
intelligence goes up, they cannot keep pace. Controllers 
need something better: the 29100 Family. 


The 29100 Family products have been designed from the 
ground up with peripheral control applications in mind. They 
are fast, they are optimized for bit-manipulation, character 
handling, data communication and long, sophisticated mi- 
croprograms and they are designed to work together in a 
system. 


FAST LIKE YOU'VE NEVER HAD 


The central element of our new high-speed controller family 
is the Am29116 — a 16-bit bipolar microprocessor. It's nota 
slice — it's a complete 16-bit processor, with three-input 
ALU, 32 scratchpad registers, an accumulator, data latch, 
barrel shifter, priority encoder and status register with 
conditional code generation logic. But the Am29116 is far 


more than a very fast number cruncher - it's been 
optimized for controller-oriented applications. It's instruc- 
tion set has instructions often needed in controllers that are 
not available in any other processor. 


A WHOLE FAMILY OF FAST LSI 
CONTROLLER PARTS 


There's more to our controller family than just the 
Am29116. A new sequencer, the Am29112, has been 
expressly designed for 10MHz microprogram control, with 
features like real-time interrupt servicing and deep subrout- 
ining. Rapid internal data transfer is handled by the 
Am2940 DMA Address Generator and by the Am2950 
handshaking !/O port. The Am9520 Burst Error Processor 
will provide a solution for error correction on disk reads. 
Now, more than ever, the 2900 Family is the better solution 
for high data rate and highly intelligent control problems. 


TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 


A typ:cal intelligent controller configuration is shown below. 
The basic controller consists of the Am29116, a micropro- 
gram control unit and a high-speed buffer memory. Each 
microinstruction includes: a) a 16-bit instruction field to the 
Am29116, b) next-microinstruction selection bits, c) control 
for the buffer memory, d and e) control for the interface 
circuits and f) possibly an 8 or 16-bit data field. 


Interface circuits like the Am2940 and Am2950 are used to 
provide DMA and to pass data between the controller and 
the host computer. Other circuits are used to interface to 
the peripheral. In this example, a disk interface is shown 
with a serial-parallel converter, a FIFO and a burst error 
processor. Controllers for other peripherals use identical 
hardware except for the peripheral interface itself. 


HIGH-PERFORMANCE INTELLIGENT CONTROLLER 
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The Am29500 Family 


A High-Performance Architecture 
For Digital Signal/Array Processing 


The new system designs of the '80s will continue to press 
the performance limits of technology. Parallel processing 
and pipelined architectures will become the standard ap- 
proach. The new architectures are best implemented with a 
chip set that has been designed from the ground up with 
high speed array processing in mind. 


The Am29500 Family is designed specifically for these new 
architectures. Every key product feature supports the 
system end objective of maximum performance and flexibil- 
ity. These include: 
@ Microprogrammable, parallel functions 
® Pipeline organization used throughout 

IMOX™M process and ECL internal structures 

TTL I/O for easy interfacing 


The first members of the family are targeted for the efficient 
execution of DSP and array processing algorithms. The 
most common algorithms include Infinite Impulse Re- 
sponse (IIR) and Finite Impulse Response (FIR) digital 
filters and Fast Fourier Transform (FFT) processors. 


The first major building blocks are designed to support 
maximum performance signal processing applications. 


Included are: 
@® Am29501 Multi-Port Pipelined Processor 


A specialized parallel processor which executes mul- 


tiple simultaneous data operations. Its Register/ALU 
structure provides the key functional element for a 
high performance signal processing system. Eight-bit 
slice! 


Am29540 FFT Address Sequencer 

This algorithm-specific VLSI chip generates data and 
coefficient addresses for the Fast Fourier Transform. 
lt supports a wide variety of FFT algorithms in ei- 
ther radix-2 or radix-4. 

Am29516/29517 High Speed 16 x 16-Bit Parallel 
Multipliers 

Both are 16 x 16-bit Parallel Multipliers. The 
Am29516 is pin and functionally compatible with the 
MPY-16HJ, but with an added multiplexer to output 
the LSP at the MSP port. The Am29517 is the 
same function, but with clock enables for micropro- 
grammed applications. 

Am29520/29521 Multilevel Pipeline Registers 
Both devices contain four 8-bit registers for dual 
two-stage (FFT butterfly) or single four-stage (gener- 
al purpose) data or address pipelining. Combined 
load-and-shift (Am29520) or separate load-and-shift 
(Am29521) control options are available. 
Am29526/29527/29528/29529 High-Speed Sine/ 
Cosine Function Generators 

The sine and cosine functions are necessary for 
Fast Fourier Transforms (FFT). The Am29526/527 
generate the most significant and least significant 
byte of the 16-bit sine function and the Am29528/ 
529 generate the most significant and least signifi- 
cant byte of the 16-bit cosine function. The sine 
and cosine functions are generated to provide a 
range of @ for a half cycle, 0<@<rz, in increments 
of 7/2048. All four units have a 50ns maximum 
commercial generation time. 


HIGH PERFORMANCE SIGNAL PROCESSOR 


INPUT CENTRAL SYSTEM MAIN SYSTEM OUTPUT 
CONTROLLER CONTROLLER MEMORY CONTROLLER 
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The Am29500 Family 


A high-performance signal processor may be constructed as 
shown in the diagram. The processor is built entirely with new 
Am29500 digital signal processing and Am2900 devices. Such 
a processor is attached as a slave to the main system bus to 
perform the multitude of arithmetic operations which prevail in 
DSP algorithms. 


Using this architecture it is possible to implement a radix-2 
FFT butterfly in four instruction cycles. This allows a 1024- 
point complex FFT to be performed in approximately 2ms. 


Fast multiplication is the key to high-speed digital-signal 
processing and high-speed array processing. In addition to the 
Am29516 and Am29517, Advanced Micro Devices is develop- 
ing an extensive family of multipliers. The first addition to the 
high-performance multiplier group: 


SEQUENCER 


ALGORITHM #2 


3 ADORESS 


ADDRESS BUS 


Am29500: ARRAY PROCESSOR 


DATA RAM 
Am93422 


Am9147 


FUNCTION Am29516/7 
ALGORITHM #3 PIPELINE GENERATORS 
Am29625 Am29526/27 
Am29528/29 


MICROCODE MEMORY 
Am27S35 


MICROPROGRAM CONTROL 
Am2910/14/25 


® Am29510 High-Performance 16x 16 Bit Multiply Accu- 

~ mulator 
The multiply accumulator provides single cycle multiply . 
accumulation or subtraction. The Am29510 is a pin- 
and function-compatible alternate source for the TRW 
TDC1010J. As illustrated with the Am29516/517, the 
multiply accumulator will have a speed improvement 
over existing multiply accumulators. 

@ Am295XX to be announced. 


-More Multipliers 

A proliferation of the existing multiplier architectures 
will generate a complete family of multipliers and mul- 
tiplier accumulators. 


—Floating Point Processors (FPP) 
A 32-bit FPP capable of performing single-cycle dou- 
ble-precision floating-point addition, subtraction, and 

multiplication. The FPP performs the arithmetic opera- 
tions in DEC or IEEE format. Available 1984. 


IMAGINARY 
PROCESSOR 


16 X 16 
MULTIPLIER 
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Am2960-70 Memory Support Family 
System Overview 


Memory system designs are increasingly shaped by 
three requirements: 

1. Higher system performance 

2. More memory capacity in less space 

3. Increased reliability 


The Am2960-70 Memory Support Family is a family of 
LSI building blocks which excels in satisfying these 
three requirements and provides a complete systems 
solution for designs using 64K or 256K DRAMS. The 
family members include: 


Am2960 Error Detection and Correction Unit 
Am2961/62 EDC Bus Buffers 

Am2964B Dynamic Memory Controller 

(64K DRAM Version) 

Am2965/66 Dynamic RAM Drivers 

Am2968 Dynamic Memory Controller 

(256K DRAM Version) 

Am2969 Timing Controller 

Am2970 Timing Controller 

Am8163/67: System and Timing Controller for 
MOS MPUs 


These are general purpose products. They will support any 
suppliers’ DRAMs and will work with any processor type: 
8086, 80186, 80286, 68000, Z8000, and Am2900 proces- 
sors. They may also be used to support word widths of any 
size from 8 bits to 64 bits. 


Figure 1 shows the system interconnection for a typical 
memory system for 256K DRAMs, and Figure 2 shows the 
system iriterconnection for a typical memory system using 
64K DRAMs. In both cases, the memory support subsys- 
tem interfaces to the System Data Bus, Address Bus, and 
control signals. Also, in. both cases all, or almost all, of the 
memory support functions are handled by AMD LSI de- 
vices. This simplifies the design of the memory system and, 
more importantly, allows the board space available for 
DRAMs to be maximized because the LSI solution for 
control and error correction is very compact. 


ERROR DETECTION AND CORRECTION 


It is important that memory systems function reliably. The 
number of bytes of storage is increasing rapidly in memory 
systems at the same time that the density of the MOS 
DRAMs is growing. With 64K and 256K DRAMs, alpha 
particle sensitivity is much greater than that of smaller 
DRAMs because of the reduced size of the memory cells 
and the smaller stored charge of the cell. A Technical 
Report follows the Am2960 data sheet in this section and is 
entitled ''Am2960 Boosts Memory Reliability.'' This. techni- 
cal report gives some statistics on soft error rates for 
DRAMs and demonstrates the dramatic increase in memo- 
ry reliability gained from the use of Hamming Code Error 
Detection and Correction schemes, such as those used by 
the Am2960 EDC (Error Detection and Correction) unit. 


Data interface between the dynamic memories, the 


Am2960 EDC chip and the system data bus is accom-: 


plished by means of the Am2961/62 bus buffers. Figure 3 
depicts the architecture of these devices along with a 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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simplified block diagram of the Am2960. The Am2961 is 
inverting between the system data bus and the EDC bus 
while the Am2962 is noninverting. As shown in Figure 3, the 
Am2961 and Am2962 contain two internal latches, a 
multiplexer, and a RAM driver output buffer. 


These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (Bl) 
latch is used predominantly in byte WRITE operations, so 
that an incoming byte from the system data bus can be 
stored while the memory is being read, and any necessary 
correction made in the bytes not being changed. The bus- 
output (BO) latch is used predominantly for storing the 
output data if the processor is in the single-step mode. In 
the single-step mode it is necessary to hold the output data 
on the system data bus, but the memory must be released 
for refresh. 


The Am2960 Error Detection and Correction Unit contains 
all the logic necessary to generate check bits on a 16-bit 
data field according to a modified Hamming code and to 
correct the data word when check bits are supplied. 
Operating on the data read from memory, the Am2960 will 
correct any single-bit error and will detect all double- and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 
words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome bits 
available on separate outputs for data logging. 


The Am2960 also features two diagnostic modes in which 
diagnostic data can be forced into portions of the device to 
simplify device testing and to execute system diagnostic 
functions. 


The 16-bit Diagnostic Latch is loadable from the bidirection- 
al data lines under control of the Diagnostic Latch Enable, 
LE DIAG. It contains check bit information in one byte and 
control information in the other, and is used for driving the 
device when in the Internal Control mode, or for supplying 
check bits when in one of the Diagnostic modes. 


The control logic determines the specific operating mode. 
Normally the control logic is driven by external control 
inputs; however, in the Internal Control mode, the control 
signals are instead read from the Diagnostic Latch. 


The Am2960 is a very fast EDC device, but even faster 
versions will soon be available. A speed selected version, 
the Am2960-1, is described in the Am2960 data sheet, and 
an IMOX'M version, the Am2960A, will be available by 
early 1985. All speed-improved versions have identical 
functions and are electrically plug-compatible with the 
current Am2960. 


MEMORY SYSTEM CONTROL AND TIMING 


Two Dynamic Memory Controllers are available for generat- 
ing address, RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which 
each device can handle up to four banks for a total control 
capacity of 256K words. The new Am2968 is designed to 
work with 256K DRAMs and can also handle up to four 
banks for a total control capacity of 1 Megaword (the words 
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5 Fs can be as many bits wide as desired). Also, the Am2968 For generating the timing and control signals required by 
a5 does not require external driver chips as does the the Am2964B/68 and the Am2960/61/62, there are sever- 
= © Am2964B - the Am2968 has the memory drivers, with allof _ al different devices available, optimized for different system 
~Y) > the undershoot control and speed features of the Am2965/ requirements. For MOS Microprocessor systems, use the 
>? 66, built right into its address, RAS, and CAS outputs. Am8163 or Am8167. Both of these devices will interface 
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Figure 4. Am2960 Block Diagram 


2-25 


O wayshs Ajiwe4 
woddns Aiowsey 02-096zwy 


MdIAJSA 


ERRORS 


AFO00560 


BD001260 


Refer to Page 13-1 for Essential Information on Military Devices 


System Overview 


Famil 


Am2960-70 Memory Support 


The Am8163 and Am8167 provide the control signals and 
timing signals for the memory controllers, the EDC, and the 
data bus buffers — in addition, the Am8163/67 decode the 
memory system control signals directly from the MOS Micro- 
processor, requiring in most cases only a single PAL™™ for 
interfacing. 


For high-performance Am2900-based processors or other 
high-speed processor designs, use the Am2969 or Am2970 to 
generate timing and control signals. 


Following is a description of the function of the Am2964B/65/ 
66 for Dynamic Memory Control for 64K DRAMs. The Am2968 
incorporates these features and more into a single IC for use 
with 256K DRAMs. 


The Am2964B Dynamic Memory Controller is used to provide 
all address handling, as well as RAS and CAS decoding and 
control. A block diagram of the Am2964B Dynamic Memory 
Controller is shown in Figure 5. The device contains 18 input 
latches for capturing an 18-bit address for memory control; the 
two highest order addresses are decoded in the Am2964B to 
select one of four banks of RAM by selecting one of the four 
RAS outputs. 


The Am2964B is designed to operate with either 16K Dynamic 
RAMs or 64K Dynamic RAMs. Thus, the designer either uses 
14 of the multiplexer address inputs and 7 of the address 
outputs or all 16 of the multiplexer address inputs and all 8 of 
the address outputs as needed by the memory. In the case of 
16K Dynamic RAMs, 7 address inputs are provided to the 
RAM during the RAS LOW signal, and then the 8-bit multiplex- 
er is switched so that 7 upper address bits are provided to the 
RAM for the CAS LOW part of the cycle. The Am2964B 
Dynamic Memory Controller contains an 8-bit refresh counter 
that is used to supply the refresh address to the dynamic 
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easily to iAPX86/186/286, Z8000, or 68000 microprocessors. 


Figure 5. Am2964B Dynamic Memory Controller 


memory during the refresh cycle. This counter can be used in 
either the 128 or 256 line refresh mode. A CAS buffer is 
included in the dynamic memory controller so that the CAS 
output can be inhibited during refresh. 


Normal operation of the Dynamic Memory Controller is to 
provide the address, close the input address latches and kick 
off a normal memory cycle. This is accomplished by bringing 
the RASI input LOW, which will cause one of the RAS outputs 
to go LOW. After the required memory timing, the MSEL input 
will be used to switch the multiplexer to the other address 
latch, then, the CASI input will be driven LOW causing the 
CASO output to go LOW and execute the CAS part of the 
memory cycle. The refresh cycle is executed by driving the 
RFSH input LOW which causes the multiplexer to connect the 
refresh counter to its address outputs. Then, the RASI input is 
driven LOW which causes all four RAS outputs to go LOW. 
This will simultaneously refresh all four banks of dynamic 
RAMs controlled by the Am2964B Dynamic Memory Control- 
ler. When either the RFSH or RASI input is brought HIGH, the 
refresh counter is advanced so it will be ready for the next 
refresh cycle. 


As can be seen in Figure 1, Dynamic RAM Drivers can be used 
in large memory systems to buffer the Address, RAS, CAS and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically designed for 
driving dynamic RAMs and feature high capacitance drive, 
guaranteed maximum undershoot of less than -0.5 volts and 
high Von of greater than Vcc -1.15 volts. The Am2965 is 
inverting and the Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and maximum tpp specifications for both 50pF and 500pF 
loads. 
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Am2900 Family Applications Literature 


Available from AMD's Customer Education Center 


Bit-Slice Design: Controllers This book provides the inexperienced bit-slice design 
and ALUs, White D.E., engineer with an easily understood description of how a 
Garland STPM Press, N.Y. © 1981 computer control unit and ALU is built with the fundamental 
Price: $34.50 + Tax + Shipping Am2900 devices (Am2901B, Am2909/11, Am2903, 
ISBN 0-8240-7103-4 Am2910 and Am2914). This book forms the basis of the 
introductory bit-slice design course (ED2900A) at the AMD 
Customer Education Center. 


Bit-Slice Microprocessor This comprehensive book discusses in detail the design of 
Design, Mick and Brick, a microprogrammed computer using the Am2900 Family for 
McGraw-Hill Publishing Co. the more experienced bit-slice designer. The book also 


1221 Avenue of the Americas includes sections on DMA design with the Am2940/ 
New York, N.Y. 10020 Am2942 and Program Control Unit design with the 
Price: $18.50 + Tax + Shipping Am2930/Am2932. The book's chapters are: 
ISBN 0-07-041781-4 | — Computer Architecture 
I| — Microprogrammed Design 
lll - The Data Path 
IV - The Data Path, Part Two 
V — Program Control Unit 
VI - Interrupt 
Vil - Direct Memory Access 
Vill - The Hex 29 
IX — The Super Sixteen 


ED2900A Study Guide This study guide is used in conjunction with the ED2900A 

Price: $18.00 + Tax + Shipping course and complements Bit-Slice Design: Controllers and 
ALUs. The study guide contains example design problems, 
exercises and example AMSYS@® 29 programs. 


Microprogram Design with the Am2900 Family A discussion of the 'instruction-cracking' problem in micro- 
programmed machines. Discusses ways to translate op 
codes into microprogram addresses and control lines. 


Order 00575A - MPR 


ORDERING INFORMATION 


The above literature may be ordered directly from: 


Customer Education Center 
Advanced Micro Devices, Inc. 
490-A Lakeside Drive, MS: 71 
Sunnyvale, CA 94086 


2-27 Refer to Page 13-1 for Essential Information on Military Devices 


einjyeia}i7 Suonesjddy Ajiwey ooos6zwy 


School of Advanced Engineering 


School of Advanced Engineering 


BIPOLAR APPLICATION DESIGN COURSES 


AMD's School of Advanced Engineering offers graduate-level instruction in designing with the newest technologies. Bipolar 
design courses take you from the basics of bit-slice architecture through basic design with the 2900 Family on to the 
microprogram development system and its application to your design and finally to emulation and CPU architecture where 
students create microcode to drive an actual system, using the writable control store of the AnSYS29 development system. 


For More Information: 
Contact your AMD Sales Representative or write to: 


Advanced Micro Devices 

School of Advanced Engineering 
Customer Education Center 
490-A Lakeside Drive 

P.O: Box 453 

Sunnyvale, California 94086 U.S.A. 
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Macro Meta Assembler from Microtec* 


The.Macro Meta Assembler is a valuable programming tool 
for those faced with the problem of writing micro-programs 
for bit slice processors such as the AMD 2901 and other 
similar microprogrammable microprocessors. It is a neces- 
sity for anyone faced with the problem of micro-program- 
ming any wide-word driven micro-sequencer system. 


The Macro Meta Assembler is an enhanced version of 
Microtec's Meta Assembler. It is totally upward compatible, 
yet can perform many functions that are difficult or impossi- 
ble with more basic packages. 


The principal new feature of the Macro Meta Assembler is a 
powerful macro facility that enables the user to define 
variable length microinstructions using a single mnemonic; 
to encode complex overlayed instructions, and to encode 
non-contiguous fields. Macros may be passed a variety of 
parameter types: Symbols, Numbers, Opcodes, and Char- 
acter Strings. Within the Macro-expansion parameters may 
be dynamically concatenated to existing text or other 
parameters, Symbols may be declared Local to the current 
Macro or be defined globally, and a wide variety of 
operators have been implemented for use with conditional 
Macro expansion. Macro calls may be nested and may be 
recursive. 


Other features that have been added to the language 
include the availability of boolean and relational.operators 
in expressions, automatic generation of parity bits and entry 
point PROMs. 


The Meta Assembler consists of three separate programs: 
the Definition Program, the Assembly Program, and the 
PROM Formatter Program. These programs allow the user 
to define a unique assembly language, assemble a program 
written in the user-defined language, and organize the 
resulting object module into arrays that are compatible with 
the target ROM/PROM memories. 


The Definition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction 
lengths may vary from 1 to 128 bits. An instruction format is 
defined by breaking the microword into fields as variables, 
constants, or ''don't care" bits. The variable fields are filled 
in at Assembly time. Default values and certain permanent 
attributes may also be assigned to variable fields at 
Definition time. The Definition Program produces an output 
listing and a disk file which contains the symbols and 
instruction mnemonics. This Definition file is used by the 
Assembly program as a reference when assembling a 
program. 


The Assembly Program is similar to a traditional two-pass 
assembler. A symbolic source program utilizing the mne- 
monics and symbols defined in the Definition Program is 
read as input; a program listing and object module are 
generated as output. The Assembler provides symbolic 
addressing, relative addressing, paged addressing, and 
other features found in typical assembly programs. The 
instruction syntax and assembler directives are compatible 
with those utilized by AMD in its literature and software 
products. Additional directives have been implemented for 
versatile listing and output controls. 


“This information was provided by Microtec. AMD is not associated 
with Microtec and does not guarantee their products. 
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Both the Definition Program and the Assembly Program are » 


implemented with Conditional Assembly Operators. Condi- 
tional statements may be nested up to 16 levels and can be 
made dependent on general expressions, character string 
equality, and symbol definition status. A full cross reference 
table is provided in both programs. 


The following directives are included in Microtec's Macro 
Meta Assembler Program: 


MACRO —- Define a Macro 

ENDM = End a Macro Definition 

EXITM - Alternater Macro Exit 

LOCAL - Define a Macro Local Symbol 

— Conditional Assembly if Expression is 


IF 
Non-Zero 
ELSE - Conditional Assembly Statement Converse 
ENDIF - Conditional Assembly Statement End 
IEC - Conditional Assembly if Character Strings 
Compare 
IFNC 7 Conditional Assembly if Character Strings 
Don't Compare 
IFD - Conditional Assembly if Symbol Defined 
IFND — Conditional Assembly if Symbol Not Defined 
MAP - Generate Entry Point Table 
DUP - Duplicate a Line (in timesharing version of 
AMDASM) 
_ 7 Define Data Word (in timesharing version of 
DATA _ AMDASM) 


The PROM Formatter Program reads the object module 
produced by the Assembly Program and translates the 
format into one that can be read by a PROM programmer. 
BNPF, Data I/O ASCII hexadecimal, and the Step Engi- 
neering format are supported. Microwords in the object 
module can be divided into organizations that are compati- 
ble with the target PROM/ROM array. The length and width 
of PROMS may be specified as well as the value of ''don't 
care’ bits. The PROM Formatter has three new features 
that add to the versatility of the program: single bit parity 
generation; column switching; and column overlaying. 


The Macro Meta Assembler is written in ANSI Fortran and 
will run on any general purpose digital computer that has a 
Fortran lV compiler, a word length of at least 16 bits, a disk 
or magnetic tape facility and 20-24K words of program 
memory. In most systems these programs can be run in an 
overlayed mode if the required memory is not available. 


The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program 
output listings accompany each software order. The test 
programs allow the operation of the software to be verified 
quickly and easily. A manual is available for a small fee, if 
further information is desired. 


For additional information, contact Microtec, P.O. Box 
60337, Sunnyvale, California 94088. Telephone (408) 733- 
2919. 
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Meta Assembler Program from Microtec* 


Meta Assembler Program from Microtec* 


Microtec has available a Meta Assembler program for 
the AMD 2900 microprocessor and other similar micro- 
programmable microprocessors. The Assembler is com- 
patible with AMD's AMDASM program, but is written in 
ANSI standard Fortran IV and will run on any machine 
that has: 


. A Fortran IV compiler 

. A word length of at least 16 bits 

. A disc or magnetic tape facility 

. 18K words of Random Access Memory (in most 
systems these programs can be run in an over- 
layed mode if the required memory is not avail- 
able) 


The Meta Assembler Software Package actually consists of 
three separate programs, a Definition Program, an Assem- 
bly Program, and a PROM Formatter Program. 


The Definition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction 
lengths may vary from 1 to 128 bits. Symbolic Constants 
and reserved words may also be defined in the Definition 
Program. An instruction format is defined by breaking the 
microword into fields and defining the fields as constants, 
don't care bits, or variables which are filled in at assembly 
time. Default values and certain permanent attributes may 
also be assigned to variable fields at Definition time. The 
Definition Program produces an output listing and a disk file 
consisting of the defined symbols and instruction mnemon- 
ics. This Definition file is used by the Assembly program as 
a reference when assembling a program. 


The Assembly program operates like a traditional assem- 
bler. A symbolic source program utilizing the mnemonics 
and symbols defined in the Definition Program is read as 
input, and a listing and object module are generated as 
output. The Assembler provides symbolic addressing, rela- 
tive addressing, paged addressing, and other features 
found in typical assembly programs. The instruction syntax 
and assembler directives are compatible with those utilized 
by AMD in its literature and software products. Additional 


*This information was provided by Microtec. AMD is not associated with Microtec, 
and . 


does not guarentee their products 
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directives have been implemented to provide for versatile 
listing and output controls. 


Conditional Assembly statements are provided in both the 
Definition and Assembly programs. These statements may 
be nested up to 16 levels and can be made dependent on 
general expression. A full cross reference table is also 
provided in both programs. 


Some features of Microtec's Meta Assembler are particu- 
larly helpful when assembling code for microprogrammable 
machines. The existence of don't care bits and instruction 
overlaying are included among these features. Bits of a 
microword which are not relevant to a particular instruction 
format may be defined as don't care bits. Don't care bits 
are printed as X's on the listing and do not have to be 
defined until the PROM Formatter program is executed. An 
instruction format with don't care bits can be overlayed with 
other instruction formats. Therefore when useful, an in- 
struction format can be used to define only part of the 
microword, padding out the word with don't care bits. 


The PROM Formatter Program reads the object module file 
produced by the Assembly program and translates the 
format into one that can be read by a PROM programmer. 
Both BNPF and Data !/O's ASCII hexadecimal format are 
supported. Microwords in the object module can be broken 
up into organizations that are compatible with the target 
PROM/ROM array. Users may specify PROMs of any width 
and length, as well as the value of don't care bits. Any or all 
PROMs may be listed and/or punched. 


The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program 
output listings accompany each software order. The test 
programs allow the operation of the software to be verified 
quickly and easily. If the information given here is not 
sufficient, a manual is available for a small fee. 


Coming soon is M29 AMD'S New Meta Assembler. Contact 
your local sales office for details. 


For additional information, contact Microtec, P.O. Box 
60337 Sunnyvale, Ca. 94088 (408) 733-2919 
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Videotape Seminar Kits 


Advanced Micro Devices regularly prepares and presents seminars wordwide that describe the function and application of its 
Am2900 Family products. These seminars may also be presented at local factory or design centers through arrangement 
with the field Applications Engineer located at the AMD Sales Office. 


It is now also possible to order the following seminars in videotape form with literature kits. 


@ 2Am29116 Sixteen-Bit Biplor Microprocessor and Peripherals 
~@ 2Am29500 Array Processing/Digital Signal Processing Familly 


The videotape is a 2-3 hour seminar covering the products function in detail and demonstrating aspects of system 
integration using the products, The literature kit includes a slide booklet, data sheets of all products covered in the seminar, 
and other relevant material. 


These kits may be ordered from AMD's Customer Education Center. Contact your AMD Sales Representative for more 
infomation. 


$99/Videotape 


- Literature Kit (each additional set) Am29116-LIT 
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32-BIT ARITHMETIC LOGIC UNIT 
HIGH PERFORGANCE. MICRO INTERRUPTIBLE SEQUENCER 
BUT hae | eee 32-BIT FLOATING POINT PROCESSOR 
32x32 MULTIPLIER 


Am29323 
Am29325 
Am29331 
Am29332 
Am29334 
Am29360 
Am29368 


Am29300 Family 


Berit Parallel MuUltipller. o.oo ois. civeob cies ccccccctccvavcessecteauseeeses 
32-Bit Floating Point Processor .................cccesseececcccesceensecs 
16-Bit Microprogram Sequencer ..............csccceeceeecceseteceeeess 
32-Bit Arithmetic Logic Unit...... ial maiko: mina einecee cicnie cae Maualens ti 
Four-Port, Dual-Access Register File........... IES NUDE REE 8 pe LO 
32-Bit Error Detection and Correction Unit................ccceeeees 
1M-Bit Dynamic Memory Controller (DMC) .............cccceceeeees 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 


testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 


The company assumes no responsibility for the use of any circuits described herein. 


Am29323 


32-Bit Parallel Multiplier 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


32-Bit Three-Bus Architecture 

— The device has two 32-bit input ports and one 32-bit 
output port with maximum multiply time of 80ns 

Single Clock with Register Enables 

- The Am29323 is controlled by one clock with 
individual register enables 

Supports Multiprecision Multiplication 

- The device has dual 32-bit registers on each data 
input port to perform multiprecision multiplication 


@ Transparent-Able Input, Output and Instruction Regis- 


ters 
— Input and output registers can be made transparent 
independently to eliminate unwanted pipeline delay 


@ Supports Two's complement, unsigned or mixed mode 


numbers 


@ Data Integrity Through Master-Slave Mode and Parity 


Check/Generate 

- Parity check/generate catches inter-device 
connection errors and master/slave mode provides 
complete function check 


GENERAL DESCRIPTION 


The Am29323 is a high-speed 32 x 32-Bit Parallel Multipli- 
er with 67-Bit Accumulator. The part is designed to maxi- 
mize system level performance by providing three 32-bit 
bus architecture and a single clock with register enables. 


The Am29323 further enhances the system throughput by 
providing individual register feedthrough controls, byte 
parity checking on both input ports and generation on the 
output port, as well as, dual input registers on each data 
input bus to support multiprecision multiplication. The 
Am29323 can manage a wide variety of data types such as 


Two's complement, unsigned or mixed mode input formats. 
64 x 64 bit multiplication can be performed in seven clock 
cycles, including input and output. Additional features 
provided are format adjust control allowing for standard 
output or left shifted output suitable for Two's complement 
arithmetic. The part also features master/slave operation. 


The Am29323 is designed with the IMOX'™ process, which 
allows internal ECL circuits with TTL compatible 1/O. The 
device is housed in a 168-lead pin-grid-array package. 


BLOCK DIAGRAM 
The Am29323 High-Speed 32 x 32-Bit Parallel Multiplier 
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Am29325 


32-Bit Floating Point Processor 
PRELIMINARY 


@ Single VLSI device performs high-speed floating-point 
arithmetic 
— Floating-point addition, subtraction and multiplication 
in a single clock cycle | 
— Internal architecture supports sum-of-products, 
Newton-Raphson division 
@ 32-bit, 3-bus flow-through architecture 
~— Programmable I/O allows interface to 32- and 16-bit 
systems 


GENERAL 


The Am29325 is a high-speed floating-point processor unit. 
It performs 32-bit single-precision floating-point addition, 
subtraction, and multiplication operations in a single LSI 
integrated circuit, using the format specified by the proposed 
IEEE floating-point standard P754. The DEC single- 
precision floating-point format is also supported. Operations 
for conversion between 32-bit integer format and floating- 
point format are available, as are operations for converting 
between the IEEE and DEC floating-point formats. Any op- 
eration can be performed in a single clock cycle. Six flags — 
invalid operation, inexact result, zero, not-a-number, over- 
flow, and underflow — monitor the status of operations. 


The Am29325 has a 3-bus, 32-bit architecture, with two 
input buses and one output bus. This configuration provides 


Am29331 
16-BIT 
SEQUENCER 


MICROPROGRAM 
MEMORY 


PIPELINE 
REGISTER 


CONTROL 
SIGNALS 


Am29332 - 
32-BIT 
ALU 


@ Am29323 — 32 x 32 Parallel Multiplier 
@ Am29332 — 32-Bit ALU 
@ Am29331 — 16-Bit Sequencer 


IMOX is a trademark of Advanced Micro Devices, Inc. 


DISTINCTIVE CHARACTERISTICS 


DESCRIPTION 


Am29300 FAMILY HIGH PERFORMANCE SYSTEM BLOCK DIAGRAM 


REGISTER 


RELATED PRODUCTS 


e@ IEEE and DEC formats 
— Performs conversions between formats 
— Performs integer ——= floating point conversions 
@ Six flags indicate operation status 
@ Register enables eliminate clock skew 
@ Input and output registers can be made transparent 
independently 


high I/O bandwidth, allows access to all buses and affords a 
high degree of flexibility when connecting this device in a 
system. All buses are registered, with each register having a 
clock enable. Input and output registers may be made trans- 
parent independently. Two other I/O configurations, a 32-bit, 
2-bus architecture and a 16-bit, 3-bus architecture, are 
user-selectable, easing interface with a wide variety of sys- 
tems. Thirty-two-bit internal feedforward data paths support 
accumulation operations, including sum-of-products and 
Newton-Raphson division. 


Fabricated with the high-speed IMOX™ bipolar process, the 
Am29325 is powered by a single 5-volt supply. The device is 
housed in.a 144-pin pin-grid-array package. 


Am29334 


Am29323 
32 x 32 
PARALLEL 

MULTIPLIER 


05621A-1 


@ Am29334 — 64 x 18 Four-Port Dual-Access 
Register File 


Order # 05621A 
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BLOCK DIAGRAM 
Am29325 
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PORT R 


REGISTER 
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STATUS 
FLOATING-POINT FLAG 
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SELECT 16 
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REGISTER STATUS FLAG 
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DEFINITION OF TERMS 


AFFINE MODE 


One of two modes affecting the handling of operations on 
infinities — see the Operations with Infinities section under 
Operation in IEEE Mode below. 


BIASED EXPONENT 


The true exponent of a floating-point number, plus a constant. 
For IEEE floating-point numbers, the constant is 127; for DEC 
floating-point numbers, the constant is 128. See also True 
Exponent. 


BUS 
Data input or output channel for the floating-point processor. 


DEC RESERVED OPERAND 


A DEC floating-point number that is interpreted as a symbol and 
has no numeric value. A DEC reserved operand has a sign of 1 
~ and a biased exponent of 0. 


DESTINATION FORMAT 


The format of the final result produced by the floating-point ALU. 
The destination format can be IEEE floating-point, DEC floating- 
point or integer. 
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|_> OVERFLOW 
|_> UNDERFLOW 


|_ > ZERO 
05621A-2 


FINAL RESULT 
The result produced by the floating-point ALU. 


FRACTION 
The twenty-three least-significant bits of the mantissa. 


INFINITELY PRECISE RESULT 


The result that would be obtained from an operation if both 
exponent range and precision were unbounded. 


INPUT OPERANDS 


The value or values on which an operation is performed. For 
example, the addition 2 + 3 = 5 has input operands 2 and 3. 


MANTISSA 


The portion of a floating-point number containing the number's 
significant bits. For the floating-point number 1.101 x 2-3, the 
mantissa is 1.101. 
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Am29325 


DEFINITION OF TERMS (Cont) 


NAN (Not-a-Number) 


An IEEE floating-point number that is interpreted as a symbol, 
and has no numeric value. A NAN has a biased exponent of 
255109 and a non-zero fraction. 


PORT 


Data input or output channel for the floating-point ALU. 


PROJECTIVE MODE 


One of two modes affecting the handling of operations on 
infinities — see the Operations with Infinities section under 
Operation in IEEE Mode below. 


PIN DESCRIPTION 


Ro—R31 


So-S31 


Fo—F31 


CLK 


ENR 


R operand bus, input. Ro is the least-signifi- 
cant bit. 


S operand bus, input. So is the least-signifi- 
cant bit. 


F operand bus, output. Fo is the least- 
significant bit. 


Clock input for the internal registers. 


Register R clock enable, input. When ENR is 
LOW, register R is clocked on the LOW-to- 
HIGH transition of CLK. When ENR is HIGH, 
register R retains the previous contents. 


Register S clock enable, input. When ENS is 
LOW, register S is clocked on the LOW-to- 
HIGH transition of CLK. When ENS is HIGH, 
register S retains the previous contents. 


Register F clock enable, input. When ENF is 
LOW, register F is clocked on the LOW-to- 
HIGH transition of CLK. When ENF is HIGH, 
register F retains the previous contents. 


Input register feedthrough control, input. 
When FT is HIGH, registers R and S are 
transparent. 


Output register feedthrough control, input. 
When FT, is HIGH, register F and the status 
flag register are transparent. 


Operation select lines, inputs. Used to select 
the operation to be performed by the ALU. See 
the ALU Operation Select Table for a list of 
operations and the corresponding codes. 


ALU S port input select, input. A LOW on lg 
selects register S as the input to the ALU S 
port. A HIGH on lg selects register F as the 
input to the ALU S port. 


ROUNDED RESULT 


The result produced by rounding the infinitely precise result to fit 
the destination format. 


TRUE EXPONENT (or Exponent) 


Number representing the power of two by which a floating-point 
number's mantissa is to be multiplied. For the floating-point 
number 1.101 x 2—3, the true exponent is —3. 


l4 


IEEE/DEC 


INEXACT 


INVALID 


NAN 


ONEBUS 


OVERFLOW 


PROJ/AFF 


Register R input select, input. A LOW on 14 
selects Ro — R31 as the input to register.R. A 
HIGH selects the ALU F port as the input to 
register R. 


IEEE/DEC mode select, input. When IEEE/ 
DEC is HIGH, IEEE mode is selected. When 
IEEE/DEC is LOW, DEC mode is selected. 


Inexact result flag, output. A HIGH indicates 
that the final result of the last operation was not 
infinitely precise, due to rounding. 


Invalid operation flag, output. A HIGH indi- 
cates that the last operation performed was 
invalid, e.g., ~ times 0. 


Not-a-number flag, output. A HIGH indicates 
that the final result produced by the last opera- 
tion is not to be interpreted as a number. The 
Output in such cases is either an IEEE Not-a- 
Number (NAN) or a DEC reserved operand. 


Output enable, input. When OE is LOW, the 
contents of register F are placed on Fo—F3}. 
When OE is HIGH, Fo—F31 assume a high- 
impedance state. 


Input bus configuration control, input. A LOW 
on ONEBUS configures the input bus circuitry 
for two-input bus operation. A HIGH on 
ONEBUS configures the input bus circuitry for 
single-input bus operation. 


Overflow flag, output. A HIGH indicates that 
the last operation produced a final result that 
overflowed the floating-point format. 


Projective/affine mode select, input. Choice of 
projective or affine mode determines the way 
in which infinities are handled in IEEE mode. A 
LOW on PROJAFF selects affine mode; a 
HIGH selects projective mode. 


Refer to Page’ 13-1 for Essential information on Military Devices 


PIN DESCRIPTION (Cont) 


RNDo, RND; Rounding mode selects, inputs. RNDo and 
RND; select one of four rounding modes. See 
the Rounding Mode Select Table for a list of 
rounding modes and the corresponding con- 


trol codes. 


$16/32 


Sixteen- or thirty-two-bit I/O mode select, 
input. A LOW on $16/32 selects the thirty-two- 
bit |/(O mode; a HIGH selects the sixteen-bit I/O 
mode. In thirty-two-bit mode, inputs and out- 
put buses are 32 bits wide. In sixteen-bit 
mode, input and output buses are sixteen bits 


ARCHITECTURE 


The Am29325 comprises a high-speed, floating-point ALU, a 
status flag generator, and a 32-bit data path. 


Floating-Point ALU 


The floating-point ALU performs 32-bit floating-point operations. 
It also performs floating-point-to-integer conversions, integer- 
to-floating-point conversions, and conversions between the 
IEEE and DEC floating-point formats. The ALU has two 32-bit 
input ports, R and S, and a 32-bit output port, F. 


Conceptually, the process performed by the ALU can be divided 
into three stages — see Figure 1. The operation stage performs 
the arithmetic operation selected by the user; the output of this 
section is referred to as the infinitely precise result of the opera- 
tion. The rounding stage rounds the infinitely precise result to fit in 
the destination format; the output of this stage is called the 
rounded result. The last stage checks for exceptional conditions. 
If no exceptional condition is found, the rounded result is passed 
through this stage. If some exceptional condition is found, e.g., 
overflow, underflow, or an invalid operation, this section may 
replace the rounded result with another output, such as +x, —~, 
a NAN, or a DEC reserved operand. The output of this last stage 
appears on port F, and is called the final result. 


The ALU performs one of eight operations; the operation to be 
performed is selected by placing the appropriate control code on 
lines lg -lo. The ALU Operation Select Table gives the control 
codes corresponding to each of the eight operations. 


The floating-point addition operation (R PLUS S) adds the 
floating-point numbers on ports R and S, and places the 
floating-point result on port F. In IEEE mode (IEEE/DEC = HIGH) 
the addition is performed in IEEE floating-point format; in DEC 
mode (IEEE/DEC = LOW) the addition is performed in DEC 
format. 


The floating-point subtraction operation (R MINUS S) subtracts 
the floating-point number on port S from the floating-point 
number on port R and places the floating-point result on port F. In 
[EEE mode (IEEE/DEC = HIGH) the subtraction is performed in 
IEEE floating-point format; in DEC mode (IEEE/DEC = LOW) the 
subtraction is performed in DEC format. 


The floating-point multiplication operation (R TIMES S) multiplies 
the floating-point numbers on ports R and S, and places the 
floating-point result on port F. In IEEE mode (IEEE/DEC = HIGH) 
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wide, with the least and most significant por- 
tions of the thirty-two-bit input and output 
words being placed on the buses during the 
HIGH and LOW portions of CLK, respectively . 


UNDERFLOW _ Underflow flag, output. A HIGH indicates that 
the last operation produced a rounded result 
that underflowed the floating-point format. 

ZERO Zero flag, output. A HIGH indicates that the last 


operation produced a final result of zero. 


Figure 1. Conceptual Model of the Process Performed by 
the Floating-Point ALU 


OPERAND R 


OPERAND S 


Ss 


OPERATION STAGE 
(PERFORMS SELECTED OPERATION) 


—»——— INFINITELY PRECISE RESULT 


ROUNDING STAGE 
(ROUNDS INFINITELY PRECISE 
RESULT) 


~=——— ROUNDED RESULT 


EXCEPTION STAGE 
(CHECKS FOR UNUSUAL CONDITIONS) 


F 


FINAL RESULT 
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the multiplication is performed in IEEE floating-point format; in 
DEC mode (IEEE/DEC = LOW) the multiplication is performed in 
DEC format. 


The floating-point constant subtraction (2 MINUS S) operation 
subtracts the floating-point value on port S from 2, and places the 
result on port F. The operand on port R is not used in this 
operation; its value will not affect the operation in any way. In 
IEEE mode (IEEE/DEC = HIGH) the operation is performed in 
|EEE floating-point format; in DEC mode (IEEE/DEC = LOW) the 
operation is performed in DEC format. This operation is used to 
support Newton-Raphson floating-point division; a description of 
its use appears in Appendix C. 


The integer-to-floating-point conversion (INT-TO-FP) operation 
takes a 32-bit, two’s complement integer on port R and places the 
equivalent floating-point value on port F. The operand on port S is 
not used in this operation; its value will not affect the operation in 
any way. In IEEE mode (IEEE/DEC = HIGH) the result is de- 
livered in IEEE format; in DEC mode (IEEE/DEC = LOW) 
the result is delivered in DEC format. 
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_ ALU OPERATION SELECT TABLE 
Operation 


Floating-point addition 


(R PLUS S) 


Floating-point subtraction 


(R MINUS S$) 


Output Equation 


Floating-point multiplication 


(R TIMES S) 


Floating-point constant 
subtraction (2 MINUS S) 
Integer-to-floating-point 
conversion (INT-TO-FP) 
Floating-point-to-integer 
conversion (FP-TO-INT) 


IEEE-TO-DEC format conversion 


(IEEE-TO-DEC) 


DEC-TO-IEEE format conversion 


(DEC-TO-IEEE) 


The floating-point-to integer conversion (FP-TO-INT) operation 
takes a floating-point number on port R and places the equivalent 
32-bit, two’s complement integer value on port F. The operand on 
port S is not used in this operation; its value will not affect the 
operation in any way. In IEEE mode (IEEE/DEC = HIGH) the 
operand on port R is interpreted using the IEEE floating-point 
format; in DEC mode (IEEE/DEC = LOW) itis interpreted using 
the DEC floating-point format. 


The IEEE-to-DEC conversion operation (IEEE-TO-DEC) takes 
an IEEE-format floating-point number on port R and places the 
equivalent DEC-format floating-point number on port F. The 
operand on port S is not used in this operation; its value will not 
affect the operation in any way. The operation can be performed 
in either IEEE mode (IEEE/DEC = HIGH) or DEC mode (IEEE/ 
DEC = LOW). 


The DEC-to-IEEE conversion operation (DEC-TO-IEEE) takes 
a DEC-format floating-point number on port R and places the 
equivalent IEEE-format floating-point number on port F. The 
operand on port S is not used in this operation; its value will not 
affect the operation in any way. The operation can be performed 
in either IEEE mode (IEEE/DEC = HIGH) or DEC mode (IEEE/ 
DEC = LOW). 


Status Flag Generator 


The status flag generator controls the state of six flags that report 
the status of floating-point ALU operations. The flags indicate 
when an operation is invalid (e.g., infinity times zero) or when an 
operation has produced an overflow, an underflow, a non- 
numerical result (e.g., a NAN or DEC reserved operand), an 
inexact result, or aresult of zero. The flags represent the status of 
the most-recently-performed operation. Flag status is stored in 
the flag status register on the LOW-to-HIGH transition of CLK. 
When the output register feedthrough control FT is HIGH, the 
flag status register is made transparent. 


Data Path 


The 32-bit data path consists of the R and S input buses, the F 
output bus, data registers R, S, and F, the register R input multi- 
plexer, and the ALU port S input multiplexer. 
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F (floating-point) = R (integer) 
F (integer) = R (floating-point) 
F (DEC format) = R (IEEE format) 


F (IEEE format) = R (DEC format) 


Input operands enter the floating-point processor through the 
32-bit R and S input buses, Rg—R31 and So—S33. Results 
of operations appear on the 32-bit F bus, Fo—F31. The F 
bus assumes a high-impedance state when output enable 
OE is HIGH. 3 


The R and S registers store input operands; the F register stores 
the final result of the floating-point ALU operation. Each register 
has an independent clock enable (ENR, ENS and ENF). When a 
register’s clock enable is LOW, the register stores the data on its 
input at the LOW-to-HIGH transition of CLK; when the clock 
enable is HIGH, the register retains its current data. All data 
registers are fully edge-triggered — both the input data and the 
register enable need only meet modest setup and hold time 
requirements. Registers R and S can be made transparent by 
setting FT, the input register feedthrough control, HIGH. Regis- 
ter F can be made transparent by setting FT, the output register 
feedthrough control, HIGH. 


The register R input multiplexer selects either the R input bus or 
the floating-point ALU’s F port as the input to register R. Selection 
is controlled by 14 — a LOW selects the R input bus; a HIGH 
selects the ALU F port. The ALU port S input multiplexer selects 
either register S or register F as the input to the floating-point 
ALU’s S port. Selection is controlled by lz — a LOW selects 
register S; a HIGH selects register F. 


Data selected by I3 and Iq is described in the Mux Select Tables. 
When registers R and S are transparent (FTg = HIGH) multi- 
plexer select 14 must be kept LOW, so that the register R input 
multiplexer selects Ro —R31. When register F is transparent (FT, 
= HIGH) multiplexer select lz must be kept LOW, so that the ALU 
port S input multiplexer selects register S. 


MUX SELECT TABLES 


Data selected for floating-point ALU S port 
Register S 
Register F 

Data selected for register R input 
Floating-point ALU port F 


Refer to Page 13-1 for Essential information on Military Devices 


/O MODES 


The Am29325 data path can be configured in one of three |/O 
modes: a 32-bit, two-input-bus mode; a 32-bit, single-input-bus 
mode; and a 16-bit, two-input-bus mode. These modes affect 
only the manner in which data is delivered to and taken from the 
Am29325; operation of the floating-point ALU is not altered. The 
I/O mode is selected with the ONEBUS and $16/32 controls. The 
/O Mode Selection Table lists the control codes needed to 
invoke each I/O mode. 


1/O MODE SELECTION TABLE 


$16/32 


ONEBUS /O Mode 


32-bit, two-input-bus mode 
32-bit, single-input-bus mode(«) 
16-bit, two-input-bus mode(+) 
Illegal 1/O mode selection value 


(*)F To must be held LOW in this mode (see text). 


32-Bit, Two-Input-Bus Mode 


In this 1/O mode, the R and S buses are configured as indepen- 
dent 32-bit input buses, and the F bus is configured as a 32-bit 
output bus. Figure 2 is a functional block diagram of the Am29325 
in this I/O mode. 


Ro— R31 


1 

ONEBUS (= LOW) [_>—-4~——_- 
me 1 

$16/32 (= Low) [->——_4—— 


Figure 2. Functional Block Diagram for the 32-Bit, Two-Input-Bus Mode 
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Rand S operands are taken from their respective input buses and 
clocked into the R and S registers on the LOW-to-HIGH transition 
of CLK. Register F is also clocked on the LOW-to-HIGH transition 
of CLK. Figure 5(a.) depicts typical |/O timing in this mode. 


32-Bit, Single-Input-Bus Mode 


In this I/O mode, the R and S buses are connected to a single 
32-bit multiplexed input data bus; the F bus is configured as an 
independent 32-bit output bus. Figure 3 is a functional block 
diagram of the Am29325 in this I/O mode. Note that both the R 
and S bus lines must be wired to the input bus. 


R and S operands are multiplexed onto the input bus by the host 
system. The S operand is clocked from the input bus into a 
temporary holding register on the HIGH-to-LOW transition of 
CLK and is transferred to register S on the LOW-to-HIGH transi- 
tion of CLK. The R operand is clocked from the input bus into 
register R on the LOW-to-HIGH transition of CLK. Register F is 
clocked on the LOW-to-HIGH transition of CLK. Figure 5(b.) 
depicts typical I/O timing in this mode. 


When placed in this 1/O mode, the data path will not function 
properly if the R and S registers are made transparent. Therefore 
input register feedthrough control FTg must be held LOW in this 
mode. 


So- S31 
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Figure 3. Functional Block Diagram for the 32-Bit, Single-Input-Bus Mode 


Ro- 
ls Be- 2 anaes 
ENR [> : 
cK > ie 


1 

ONEBUS (= HIGH) [_>—4~——— 
S 1 

$16/32 (= Low) ( >—4+——— 


16-Bit, Two-input-Bus Mode 


In this I/O mode, the R and S buses are configured as indepen- 
dent 16-bit input buses, and the F bus is configured as a 16-bit 
output bus. Figure 4 is a functional block diagram of the Am29325 
in this |/O mode. Note that the 16 LSBs and 16 MSBs of the R, S 
and F buses must be wired to their respective system buses in 
parallel. 


Thirty-two-bit operands are passed along the 16-bit data buses 
by time-multiplexing the 16 LSBs and 16 MSBs of each 32-bit 
word. For the R input bus, the host system multiplexes the 16 
LSBs and 16 MSBs of the R operand onto the 16-bit R bus. The 16 
LSBs of the R operand are stored in a temporary holding register 
on the HIGH-to-LOW transition of CLK. The 16 MSBs are clocked 
into register R on the LOW-to-HIGH transition of CLK; at the 
same time, the 16 LSBs are transferred from the temporary 
holding register to register R. Transfer of data from the S input bus 
to the S register takes place in a similar fashion. Register F is 
clocked on the LOW-to-HIGH transition of CLK. Circuitry internal 
to the Am29325 multiplexes data from register F onto the 16-bit 
output bus by enabling the 16 LSBs of the F output bus when CLK 
is HIGH, and enabling the 16 MSBs of the F output bus when CLK 
is LOW. Figure 5(c.) depicts typical I/O timing in this mode. 


When placed in this I/O mode, the data path will not function 
properly if the R and S registers are made transparent. Therefore 
input register feedthrough control FT must be held LOW in this 
mode. Caution must also be taken in controlling the register R 
input multiplexer control line, 14, in this |/O mode. lq should be 
changed only when CLK is HIGH, in addition to meeting the setup 
and hold time requirements given in the Switching Characteris- 
tics section. 


FLOATING-POINT 
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ALU 


V Fo—Fa4 


OPERATION IN IEEE MODE 
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When input signal IEEE/DEC is HIGH, the IEEE mode of opera- 
tion is selected. In this mode the Am29325 uses the floating-point 
format set forth in the IEEE Proposed Standard for Binary 
Floating-Point Arithmetic, P754. In addition, the IEEE mode 
complies with most other aspects of single-precision floating- 
point operation outlined in the proposed standard — differences 
are discussed in Appendix A. 


IEEE Floating-Point Format 


The IEEE single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 6. The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23-bit fraction. 


The sign bit indicates the sign of the floating-point number's 
value. Non-negative values have a sign of 0; negative values, a 
sign of 1. The value zero may have either sign. 


The biased exponent is an eight-bit unsigned integer field repre- 
senting a multiplicative factor of some power of two. The bias 
value is 127. If, for example, the multiplicative factor for a 
floating-point number is to be 24, the value of the biased expo- 
nent would be a+ 127; a is called the true exponent. 


The fraction is a 23-bit unsigned fractional field containing the 23 
least-significant bits of the floating-point number's 24-bit man- 
tissa. The weight of fraction’s most significant bit is 2-1; the 
weight of the least-significant bit is 2~ 29. 
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Figure 4. Functional Block Diagram for the 16-Bit, Two-input-Bus Mode 
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A floating-point number is evaluated or interpreted per the fol- Normalized Number — A normalized number represents a 
lowing conventions: quantity with magnitude greater than or equal to 2~ 126 but less 


128 
let s = sign bit than 2!<9. 


e = biased exponent 

f = fraction Example 1: 
ife = Oandf =0... value = (—1)5*(0) (+0, —0) The number +3.5 can be represented in floating-point format 
as follows: 
+3.5 = 11.19 x 20 

= 1.119 x 2! 


sign = 0 


ife = Oandf< >0O...value = denormalized number 


if O< e < 255.. value = (—1)S*(2@- 127).«(1 f) 
(normalized number) 

ife = 255 andf = 0 .. value = (—1)S*(x) (+x, —x) 

if e = 255 andf < > 0... value = not-a-number (NAN) MATE erponant-s eons. = 

Zero — The value zero can have either a positive or negative sign. fraction = 11000000000000000000000> 

Rules for determining the sign of a zero produced by an operation 


5 ; (the leading 1 is implied in the format) 
are given in the Sign Bit section on page 12. 


Denormalized Number — A denormalized number represents a Concatenating these fields produces the floating-point word 
quantity with magnitude less than 2~ 126 but greater than zero. 4060000046. 
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Figure 5. Typical Bus Timing for the I/O Modes, with FT) = LOW, FT, = LOW 
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a) 32-Bit, Two-input-Bus Mode 
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c) 16-Bit, Two-input-Bus Mode 05621A-7 
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Figure 6. IEEE Mode Single-Precision Floating-Point Format 


SIGN BIASED 
BIT (S) EXPONENT (E) FRACTION (F) 
31 30. 29. 2 27 


BIT NUMBER: 


2-19 2-20 2-21 9-22 9-23 


VALUE = (—1)S (2E-127) (1.F) 
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Example 2: Not-a-Number — A not-a-number, or NAN, does not represent a 
numeric value, but is interpreted as a signal or symbol. NANs are 
used to indicate invalid operations, and as a means of passing 


process status information through a series of calculations. NANs 


The number — 11.375 can be represented in floating-point for- 
mat as follows: 


~ 11.375 = —1011.0119 x 2" arise in two ways: they can be generated by the Am29325 to 
= —1.0110119 x 2 indicate that an invalid operation has taken place (e.g., infinity 
sign = 1 times zero), or they can be provided by the user as an input 


operand. There are two types of NANs: signalling and quiet. 
These NANs have the formats shown in Figure 7. © 


biased exponent = 349+ 12719 = 13049 


100000105 


fraction = 01101100000000000000000>2 
(the leading 1 is implied in the format) 


IEEE Mode Integer Format 


Concatenating these fields produces the floating-point word 


C1360000}6. 
Infinity — Infinity can have either a positive or negative sign. The Integer numbers are represerited as 32-bit, two's complement 
way in which infinities are interpreted is determined by the state of words; Figure 8 depicts the integer format. The integer word can 
the projective/affine mode select, PROJ/AFF. represent a range of integer values from —231 to 231—1, 


Figure 7. Signalling and Quiet NAN Formats 


SIGN BIASED . 
BIT EXPONENT FRACTION 
OF at. a0 2e at Oe ae ae 2 ak mt ee, 18 A 1 Ie eS 12 4 8 FE ee rg ab eae 0 


31. 30 29 28 27 26 25 24 23 22 21 Pee 17 165 18 614. 13. 42 


X = DON'T CARE Se ee ee aa ee ees eee tae LEAST ONE OF THE 
TWENTY-TWO LSBs OF A QUIET NAN 
MUST BE 1 


Figure 8. Thirty- Two-Bit Integer Format 


31 


BIT NUMBER: 30 


—~231 230 229 928 927 926 925 924 eee 28 Q7 26 95 24 23 22 21 20 
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Operations 


All eight floating-point ALU operations discussed in the Func- 
tional Description section above can be performed in IEEE mode. 
Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations 
for this mode are described below. The IEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 
IEEE-TO-DEC and DEC-TO-IEEE Operations section on 
page 23. 


Operations with NANs — NANs arise in two ways: they can be 
generated by the Am29325 to indicate that an invalid operation 
has taken place (e.g., infinity times zero), or they can be provided 
by the user as an input operand. There are two types of 
NANs: signalling and quiet. These NANs have the formats 
shown in Figure 7. 


Signalling.NANs set the invalid operation flag when they appear 
as an input operand to an operation. They are useful for indicating 
uninitialized variables, or for implementing user-designed exten- 
sions to the operations provided. The ALU never produces a 
signalling NAN as the final result of an operation. 


Quiet NANs are generated for invalid operations. When they 
appear as an input operand, they are passed through most oper- 
ations without setting the invalid flag, the floating-point-to- 
integer conversion operation being the exception. 


The sign of any input operand NAN is ignored. Al! quiet NANs 
produced as the final result of an operation have a sign of 0. 


When a NAN appears as an input operand, the final result of the 
operation is a quiet NAN that is created by taking the input NAN 
and forcing bit 22 LOW and bit 21 HIGH. If an operation has two 
NANSs as input operands, the resulting quiet NAN is created using 
the NAN on the R port. 


When a quiet NAN is produced as the final result of an invalid 
operation whose input operand or operands are not NANs, the 
resulting NAN will always have the value 7FA000004¢. 


The NAN flag will be HIGH whenever an operation produces a 
NAN as a final result. 


Example 1: 


Suppose the floating-point addition operation is performed 
with the following input operands: 


R port: 3F8000004¢ (1.0+2°) 
S port: 7FC123454¢ (signalling NAN) 


Result: The signalling NAN on the S port is converted to 
a quiet NAN by forcing bit 22 LOW and bit 21 HIGH. 
The operation’s final result will be 7FA1234546. Since 
one of the two input operands is a signalling NAN, 
the invalid flag will be HIGH; the NAN flag will also 
be HIGH. 


Example 2: 
Suppose the floating-point multiplication operation is per- 
formed with the following input operands: 


R port: FFF1111146 (signalling NAN) 
S port: 7—FC222224¢6 (quiet NAN) 


Result: Since both input operands are NANSs, the NAN on the 
R port is chosen for output. In addition to forcing bit 22 
LOW, the sign bit (bit 31) is set LOW (bit 21 is already 
HIGH, and need not be changed). The operation's final 
result will be 7—B1111146. Since one of the two input 
operands is a signalling NAN, the invalid flag is HIGH; 
the NAN flag will also be HIGH. 
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Example 3: 


Suppose the floating-point subtraction operation is performed 
with the following input operands: 


R port: FF8000014¢ (quiet NAN) 
S port: 7F80000046 (+~) 


Result: To create the final result, the quiet NANs sign bit (bit 
31) is forced LOW and bit 21 is forced HIGH (bit 22 is 
already LOW, and need not be changed). The final 
result will be 7FA0000146. The NAN flag will be HIGH. 


Operations with Denormalized Numbers — The proposed 
IEEE standard incorporates denormalized numbers to allow a 
means of gradual underflow for operations that produce non-zero 
results too small to be expressed as a normalized floating-point 
number. The Am29325 does not support gradual underflow. If a 
floating-point operation produces a non-zero rounded result that 
is not large enough to be expressed as a normalized floating- 
point number, the final result will be a zero of the same sign; the 
inexact, underflow, and zero flags will be HIGH. If an input 
operand is a denormalized number, the floating-point ALU will 
assume that operand to be a zero of the same sign. 


Operations Producing Overflows — If an operation has a finite 
input operand or operands, and if the operation produces a 
rounded result that is too large to fit in the destination format, that 
operation is said to have overflowed. 


A floating-point overflow occurs if an R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2128 Positive or negative infinity will appear as 
the final result if the rounded result is positive or negative, respec- 
tively, and the overflow and inexact flags will be HIGH. 


Integer overflow occurs when the fixed-to-floating- point conver- 
sion operation attempts to convert a number which, after round- 
ing, is greater than 2°1—1 or less than — 231, The final result will 
be quiet NAN 7FA0000046, and the invalid operation and NAN 
flags will be HIGH. Note that the overflow and inexact flags 
remain LOW for integer overflow. 


Operations Producing Underfiows — If an operation produces 
a floating-point rounded result having a magnitude too small to be 
expressed as a normalized floating-point number, but greater 
than zero, that operation is said to have underflowed. Underflow 
occurs when an R PLUS S, R MINUS S, or R TIMES S operation 
produces a result which, after rounding, has a magnitude in the 
range: 


0 < magnitude < 2-126. 


In such cases, the final result will be +0 (0000000046) if the 
rounded result is non-negative, and —O (8000000046) if the 
rounded result is negative. The underflow, inexact, and zero flags 
will be HIGH. 


Underflow does not occur if the destination format is integer. If the 
infinitely precise result of a floating-point-to-integer conversion 
has a magnitude greater than 0 and less than 1 but the rounded 
result is 0, the underflow flag remains LOW. 


Operations with Infinities — In most cases, positive and nega- 
tive infinity are valid input arguments for the R PLUS S, R MINUS 
S,R TIMES S, and 2 MINUS S operations. Those cases for which 
infinities are not valid inputs for these operations are listed in the 
IEEE Mode Invalid Operations Table (see next page). 


Infinities in IEEE mode can be handled either as projective or 
affine. The projective mode is selected when PROJ/AFF is HIGH; 
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the affine mode is selected when PROJ/AFF is LOW. The only 
differences between the modes that are relevant to Am29325 
operation occur during the addition and subtraction of infinities: 


Affine 
Operation Mode 


Projective Mode 


Output 7FA00000;¢ (quiet NAN), - 
set invalid and NAN flags 


Output 7FA000004¢ (quiet NAN), 
set invalid and NAN flags 


Output 7FA000001¢ (quiet NAN), 
set invalid and NAN flags 


Output 7FA000004¢ (quiet NAN), 
set invalid and NAN flags 


( 


Ifan R PLUS S, R MINUS S, R TIMES S, or 2 MINUS S operation 
has infinity as an input operand or operands, the final result, if 
valid, is presumed to be exact. For example, adding += and 2.0 
will produce a final result of +=; since the result is considered 
exact, the inexact flag remains LOW. 


Invalid Operations — If an input operand is invalid for the opera- 
tion to be performed, that operation is considered invalid. When 
an invalid operation is performed, the floating-point ALU pro- 
duces a quiet NAN as the final result, and the invalid operation 
flag goes HIGH. The IEEE Mode Invalid Operations Table lists 
the cases for which the invalid flag is HIGH in IEEE mode, and the 
final results produced for these operations. 


IEEE MODE INVALID OPERATIONS TABLE 


Operation Input Operand Final Result 
R PLUS S (+x) + (—~) 
or (—x) + (+) 
R PLUS §$ (+x) + (+x) 


7FA0000016 
(quiet NAN) 
7FA000004¢ 
(quiet NAN) 
7FA0000016 
(quiet NAN) 


or (—x) + (—~) (Note 1 


R MINUS S (+2) — (+=) 
or (—x) — (—=) 


R MINUS S (+2) —9(—*) 


or (—x) — (+) (Note 1) 


(+0) * (+=) 
or (+0) * (—x) 
or (—O) * (+x) 

R PLUS S 

R MINUS S 

R TIMES S 


or (—0) * (—x) 

R or S is a signalling NAN 
R is a signalling or quiet NAN 
R> 231-4 7FA000004¢ 

or R < — (231) (quiet NAN) 


Notes: 1. These cases are invalid in projective mode only. 
2. Results for these operations are described in the Operations 
with NANs section. 


7FA0000046 
(quiet NAN) 


) 


7FA0000046 
(quiet NAN) 


(Note 2) 


The Sign Bit 


For most floating-point operations, the sign bit of the final result is 
unambiguous, i.e., there is only one sign bit value that yields a 
numerically correct result. Operations that produce an infinitely 
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precise result of zero, however, present a problem, as the IEEE 
floating-point format allows for representation of both +0 and —0. 
(It should be noted that floating-point operations producing 
underflow results output a zero of the same sign as the final 
result, and are therefore unambiguous.) The following rules can 
be used to determine the signs of zero produced in such cases: 


R PLUS S — The operations +x + (—x) and —x + (+x) produce a 
final result of zero; the sign of the zero is dependent on the 
rounding mode: 


Rounding Mode 


Round to nearest 


Round toward —= 
Round toward +x 
Round toward 0 


The operation +0 + (+0) produces a final result of +0; the 
operation —O + (—O) produces a final result of —0. 


Sign of Final Result 


R MINUS S — The operations +x — (+x) and —x — (—x) produce 
a final result of zero; the sign of the zero is dependent on the 
rounding mode: . 


Rounding Mode 


Round to nearest 
Round toward —= 


Round toward +x 


Round toward 0 


The operation +0 — (—0) produces a final result of +0; the 
operation —O — (+0) produces a final result of —0. 


Sign of Result 


R TIMES S — The sign of any multiplication result other than a 
NAN is the exclusive-OR of the signs of the input operands. 
Therefore, if x is non-negative, 


+0 times 
+0 times 
—0 times 
—0O times 


+x produces a final result of +0, 
—x produces a final result of —0, 
+x produces a final result of —0, 
—x produces a final result of +0. 


2 MINUS S -— If S equals 2, the final result is —O for the round 
toward —x mode, and +0.for all other rounding modes. 


Rounding 


Rounding is performed whenever an operation produces an infi- 
nitely precise result that cannot be represented exactly in the 
destination format. For example, suppose a floating-point opera- 
tion produces the infinitely precise result 


1.10101010101010101010101\01 x 23. 


In this example, the fraction portion of the mantissa has twenty- 
five bits; the IEEE floating-point format can accommodate only 
twenty-three. The backslash (\) in the mantissa represents the 
boundary between the first twenty-three bits of the fraction and 
any remaining bits. Rounding is the process by which this result is 
approximated by a representation that fits the destination format. 
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There are four rounding modes in IEEE mode: round to nearest, 
round toward +x, round toward —~x, and round toward 0. The 
rounding mode is chosen using the rounding mode select lines, 
RNDo and RND,. The Rounding Mode Select Table lists the 
select states needed to obtain the desired rounding mode. 


ROUNDING MODE SELECT TABLE 


Rounding Mode 
Round to nearest 


Round toward -—~x 


Round toward 0 


Round to Nearest — In this rounding mode the infinitely precise 
result of an operation is rounded to the closest representation that 
fits in the destination format. If the infinitely precise result is 
exactly halfway between two representations, it is rounded to the 
representation having an LSB of zero. Rounding is performed 
both for floating-point and integer destination formats. 


Figure 9 illustrates four examples of the round to nearest process 
for operations having a floating-point destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate 
those values that can be represented exactly in the floating-point 
format. 


Example 1: 
In Figure 9(a), the infinitely precise result of an operation is: 
220+2-4+42-5 = 1.00000000000000000000000 11 x 220. 


(220 = 3° 9% 


| ) 
—(220 + 3 * 2-3) | a sis he, Si | en a> 2%) 


—(220 + 2* 2-3) — (220) 


ROUND TO —(220 + 2-3) 


—(220 + 2-3 + 2-4) 


Figure 9. Floating-Point Rounding Examples for Round to Nearest Mode 


—(220 — ae | 920 _ 3° 4 5 
| | 


3-14 


The result is rounded to the closest representable floating-point 
value, 


220+2-3 = 1.00000000000000000000001 x 220. 


Example 2: 
In Figure 9(b), the infinitely precise result of an operation is: 
220—-2-442-8 = 1.11111141111111111111111 0001 x 219. 


This result is rounded to the closest representable floating-point 
value, 


220—2-4 = 4.111411111111111111111111 x 219. 


Example 3: 
In Figure 9(c), the infinitely precise result of an operation is: 


—(22042-342~-4) 
= —1,00000000000000000000001\1 x 220. 


This result is exactly halfway between two representable 
floating-point values. Accordingly, it is rounded to the closest 
representation with an LSB of zero, or 


—(220+2*2—3) = —1.00000000000000000000010 x 220. 


Example 4: 
In Figure 9(d), the infinitely precise result of an operation is: 
220+3*2-3 = 1.00000000000000000000011 x 220. 


This result can be represented exactly in the floating-point 
format, and is left unaltered by the roundirg process. 


220 _ 2-4 ROUND TO 220 + 2-3 


| | 
220_ 9+9-4 220 + 2-3 220 + 3°2-3 
220 2204 2° 2-3 
ROUND TO 220 - 2-4 220 + 2-44 2-5 


NO CHANGE 


05621A-11 
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Figure 10 illustrates four examples of the round to nearest 
process for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be represented exactly in the integer format. 


Example 1: 
In Figure 10(a), the infinitely precise result of an operation is: 
2102-2 = 00...001111111111.11. 


The result is rounded to the closest representable integer value, 


210 = 00...010000000000. 


Example 2: 
In Figure 10(b), the infinitely precise result of an operation is: 
210+20+2-3 = 00...010000000001.001. 


This result is rounded to the closest representable floating-point 
value, 


210+20 = 00...010000000001. 


Am29325 


Example 3: 


In Figure 10(c), the infinitely precise result of an operation is: 
—(2104-204+2-1) = 11...101111111110.1. 
This result is exactly halfway between two representable integer 


values. Accordingly, it is rounded to the closest representation 
with an LSB of zero, or 


—(2104+2+20) = 11...101111111110. 


Example 4: 


In Figure 10(d), the infinitely precise result of an operation is: 
210+3*20 = 00...010000000011. 


This result can be represented exactly in the integer format, and 
is left unaltered by the rounding process. 


Figure 10. Integer Rounding Examples for Round to Nearest Mode 


| I | l 
—(210 + 3) -(210+ 2) -(210 + 1) —(210) —(210 — 1) 


ROUND TO —(210 + 2) 


—(210 + 20 + 2-1) 


3-15 


ROUND TO 210 


210 21044 21042 20043 


0-2-2 ROUND TO 210 + 1 


210 204 2-3 


NO CHANGE 


05621A-12 
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Round Toward —« — In this rounding mode the result of an This result cannot be represented exactly in floating-point for- 
operation is rounded to the closest representation that is less than mat, and is rounded to the next-smaller floating-point rep- 
or equal to the infinitely precise result, and which fits the destina- resentation: . 

tion format. Rounding is performed both for floating-point and 9209-4 = 4.4414111111141111111111111 x 219. 

integer destination formats. 


Figure 11 illustrates four examples of the round toward —~ pro- 

cess for operations having a floating-point destination format. 

The infinitely precise result of an operation is representedbyanX Example 3: 

on the number line; the black dots on the number line indicate In Figure 11(c), the infinitely precise result of an operation is: 
those values that can be represented exactly in the floating-point _ (22042-3424) 


format. = —1,00000000000000000000001\1 x 220, 


Example 1: This result cannot be represented exactly in floating-point 
format, and is rounded to the next-smaller floating-point 
representation: 


—(220+2+*2—3) = —1.00000000000000000000010 x 220. 


In Figure 11(a), the infinitely precise result of an operation is: 
220+2-4+2-5 = 1.00000000000000000000000\11 x 220. 


This result cannot be represented exactly in floating-point 
format, and is rounded to the next-smaller floating-point repre- 


sentation: 
220 = 1,00000000000000000000000 x 220. Example 4: 
In Figure 11(d), the infinitely precise result of an operation is: 
Example 2: 


220+3*2-3 = 1.00000000000000000000011 x 220. 


In Figure 11(b), the infinitely precise result of an operation is: This result can be represented exactly in the floating-point 
220-2-442-8 = 1.11111111111111111111111\ 0001 x 219. format, and is left unaltered by the rounding process. 


Figure 11. Floating-Point Rounding Examples for Round Toward — © Mode 


(220 — 3+ 2-4) 220 _ 2-4 


ry ROUND TO 220 
—(220 — 2-4) 220 _ 3+ 2-4 


| | | | | | 

—(220 + 3 * 2-3) | —(220 + 2-3) | —(220 — 2+ 2-4) 0 220 2°2-4 | 220 + 2-3 220 + 3° 2-3 
—(220 +2* 2-3) — (220) a) 220 920 4 9+2-3 

ROUND TO 220 — 2-4 220 + 2-44 2-5 


ROUND TO —(229 + 2* 2-3) 


—(220 + 2-3 + 2-4) NO CHANGE 
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Figure 12 illustrates four examples of the round toward —~ pro- This result is rounded to the next-smaller representable integer 
cess for operations having an integer destination format. The value, 

infinitely precise result of an operation is represented by an X on -210+20 = 00...010000000001 

the number line; the black dots on the number line indicate those tae epee 


values that can be exactly represented in the integer format. Example 3: 
Example 1: In Figure 12(c), the infinitely precise result of an operation is: 
In Figure 12(a), the infinitely precise result of an operation is: = (2104204 2-1) =)49...10111199111001. 
2102-2 = 00...001111111111.11. This result is rounded to the next-smaller representable integer 
value: 


The result is rounded to the next-smaller representable integer 


value, — (210+ 2+20) = 11...101111111110. 
210-20 = 00...001111111111. Example 4: 
In Figure 12(d), the infinitely precise result of an operation is: 
Example 2: 210+3+20 = 00...010000000011. 
In Figure 12(b), the infinitely precise result of an operation is: 


This result can be represented exactly in the integer format, and 
210+20+2-3 = 00...010000000001.001. is unaltered by the rounding process. 


Figure 12. Integer Rounding Examples for Round Toward — © Mode 


ROUND TO 210 - 4 


| | | | | | | | | 
—(210+ 3) (210+ 2) = -(210 + 4) —(219) —(210 — 4) 0 210 _ 4 210 210 + 4 2104 2 21043 


210 2-2 ROUND TO 210 + 4 


fy 


0 
1 0 -3 
ROUND TO —(210 + 2) b) 210 + 2042 


—(210 + 20 + 2-1) c) NO CHANGE 


210 + 3+ 20 
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Round Toward +2 — In this rounding mode the result of an 
operation is rounded to the closest representation that is greater 


This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre- 


sentation: : 
220 = 1.00000000000000000000000 x 220. 


than or equal to the infinitely precise result, and which fits the 
destination format. Rounding is performed both for floating-point 
and integer destination formats. 


Figure 13 illustrates four examples of the round toward += 
process for operations having a floating-point destination 
format. The infinitely precise result of an operation is represented 
by an X on the number line; the black dots on the number line 
indicate those values that can be represented exactly in the 
floating-point format. 


Example 3: 
In Figure 13(c), the infinitely precise result of an operation is: 
—(2204+2-3+2-4) 
= —1.00000000000000000000001\1 x 220. 


This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre- 
sentation: 


—(220+2-3) = —1.00000000000000000000001 x 220. 


Example 1: 
In Figure 13(a), the infinitely precise result of an operation is: 
220+2-4+2-5 = 1,00000000000000000000000\11 x 220. 


This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre- 
sentation: 


220+2-3 = 1.00000000000000000000001 x 229. 

Example 2: 
In Figure 13(b), the infinitely precise result of an operation is: 
220-9-449-8 = 1.11111111111111111111111\0001 x 219. 


Example 4: 
In Figure 13(d), the infinitely precise result of an operation is: 
220+3*2-3 = 1.00000000000000000000011 x 220. 


This result can be represented exactly in the floating-point for- 
mat — no rounding takes place. 


Figure 13. Floating-Point Rounding Examples for Round Toward + © Mode 


ROUND TO 220 + 2-3 


1 | | | ! 1 
—(220 + 3* 2-3) | —(220 + 2-3) | —(220 - 2* 2-4) 0 220 2°2-4 | 220 + 2-3 220+ 3° 2-3 
—(220 + 2° 2-3) © —(220) a) 220 220+ 2°2-3 


ROUND TO 220 220 4. 2-44 9-5 


0 
220 - 2-4 + 2-8 


20 -3 
ROUND TO 220 + 2 b) 
0 
—(220 + 2-3 + 2-4) c) NO CHANGE 
0 
d) 220 + 3° 2-3 
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cess for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
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This result is rounded to the next-larger representable integer 
value, 


210+2+*20 = 00...010000000010. 


the number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 


Example 3: 


In Figure 14(c), the infinitely precise result of an operation is: 
— (2104204 2-1) = 11...101111111110.1 


Example 1: 
In Figure 14(a), the infinitely precise result of an operation is: 
210—-2-2 = 00...001111111111.11. 


The result is rounded to the next-larger representable integer 
value, 


210 = 00...010000000000. 

Example 2: 
In Figure 14(b), the infinitely precise result of an operation is: 
210+ 20+2-3 = 00...010000000001.001. 


This result is rounded to the next-larger representable integer 
value: 


—(210+20) = 11...1011111111110. 

Example 4: 
In Figure 14(d), the infinitely precise’ result of an operation is: 
210+3+20 = 00...010000000011. 


This result can be represented exactly in the integer format — no 
rounding takes place. 


Figure 14. Integer Rounding Examples for Round Toward + © Mode 


ROUND TO 210 


—(2%0 +3)  -(210+ 2) =(210 + 4) —(210) —(210 — 4) 210 + 4 21042 21043 


ROUND TO 210 + 2 


2 | 


ROUND TO —(210+ 1) b) 210 4 90 4 9-3 


8 aa: 


0 
NO CHANGE 


—(210 + 204 2-1 
( ) c) 


210+ 3+ 20 
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Round Toward 0 — In this rounding mode the result of an 
operation is rounded to the closest representation whose mag- 
nitude is less than or equal to the infinitely precise result, and 
which fits the destination format. Rounding is performed both for 220—2-442-8 = 4.49111999191911111111111\001 x 219. 

floating-point and integer destination formats. This result cannot be represented exactly in floating-point 


Figure 15 illustrates four examples of the round toward 0 process format, and is rounded to: 
for operations having a floating-point destination format. The 220—2-4 = 1.11111111111111111111111 x 219. 
infinitely precise result of an operation is represented by an X on 


Example 2: 
In Figure 15(b), the infinitely precise result of an operation is: 


the number line; the black dots on the number line indicate those pape it ae ; Eee 
values that can be represented exactly in the floating-point In Figure 15(c), the infinitely precise result of an operation is: 


= —1,00000000000000000000001\1 x 220. 


This result cannot be represented exactly in floating-point 
format, and is rounded to: 


—(220+2-3) = —1.00000000000000000000001 x 220. 
Example 4: 


Example 1: 
In Figure 15(a), the infinitely precise result of an operation is: 


220+2-4+42-5 = 1.00000000000000000000000\11 x 220. oe : Se 
In Figure 15(d), the infinitely precise result of an operation is: 


This result cannot be represented exactly in floating-point 220+3+2—3 = 1.00000000000000000000011 x 220. 


format, and is rounded to: This result can be represented exactly in the floating-point 
220 = 1.00000000000000000000000 x 220. format, and is unaffected by the rounding process. 


Figure 15. Floating-Point Rounding Examples for Round Toward 0 Mode 


—(220 sa 3 7 2-4) 
~(220 — 2-4) 


—(220 + 2* 2-3) —(220) a) 220 220+ 2*2-3 
ROUND TO 220 — 24 220 + 2-44 2-5 


| | | | | | | | | 
—(220 + 3 * 2-3) —(220 + 2-3) —(220 - 2* 2-4) 0 220_ 2*2-4 220 + 2-3 220 + 3° 2-3 


ROUND TO —(229 + 2-3) 


—(220 + 2-3 + 2-4) R NO CHANGE 
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Figure 16 illustrates four examples of the round toward 0 process 
for operations having an integer destination format. The infinitely 
precise result of an operation is represented by an X on the 
number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 
Example 1: 

In Figure 16(a), the infinitely precise result of an operation is: 
210-2-2 = 00...001111111111.11. 

The result is rounded to: 


210—20 = 00...001111111111. 


Example 2: 

In Figure 16(b), the infinitely precise result of an operation is: 
210+20+2-3 = Q0...010000000001.001. 

The result is rounded to: 

210+20 = 00...010000000001. 


Example 3: 
In Figure 16(c), the infinitely precise result of an operation is: 
—(210+20+2-1) = 11...101111111110.1. 
This result is rounded to: 
—(2104+20) = 11...101111111111. 


Example 4: 
In Figure 16(d), the infinitely precise result of an operation is: 
210+3+20 = 00...010000000011. 


This result can be represented exactly in the integer format, and 
is unaffected by the rounding process. 


—(2 +3) -(210+ 2) (210 + 4) —(219) —(210 — 1) 


Figure 16. Integer Rounding Examples for Round Toward 0 Mode 
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Fiag Operation 


The Am29325 generates six status flags to monitor floating-point 
processor operation. The following is a summary of flag conven- - 
tions in IEEE mode: 


Invalid Operation Flag — The invalid operation flag is HIGH 
when an input operand is invalid for the operation to be per- 
formed. The IEEE Mode Invalid Operations Table on page 12 
lists the cases for which the invalid operation flag is HIGH in IEEE 
mode, and the corresponding final result. In cases where the 
invalid operation flag is HIGH, the overflow, underflow, zero, and 
inexact flags are LOW; the NAN flag will be HIGH. 


Overflow Fiag — The overflow flag is HIGH if an R PLUS S, 
R MINUS S, R TIMES §S, or 2 MINUS S operation with finite in- 
put operand(s) produces a result which, after rounding, has a 
magnitude greater than or equal to 2128. The final result will be 
+x Or —~. 


Underfiow Flag — The underflow flag is HIGH if an R PLUS S, R 
MINUS S, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range: 


0 < magnitude < 2-126. 


The final result will be +0 (0000000036) if the rounded result is 
non-negative, and —O (800000006) if the rounded result is 
negative. 


inexact Flag — The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that if the underflow or overflow flag is HIGH, the inexact flag 
will also be HIGH. 


ROUND TO 210 — 4 


1 ! j | I 
210 _ 4 bs 210 21044 21042 21043 
2 


0-2-2 ROUND TO 210 + 4 


ROUND TO —(210 + 1) 


—(210 + 20 + 2-1) 


b) 


c) 


210 + 204 2-3 


NO CHANGE 
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Zero Flag — The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an IEEE floating- 
point number, the flag accompanies outputs +0 (000000006) 
and —0 (8000000046). For operations producing an integer, the 
flag accompanies the output 0 (0000000046). 


NAN Flag — The NAN flag is HIGH ifan RPLUSS, RMINUSS,R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a NAN 
as a final result. 


OPERATION IN DEC MODE 


When input signal IEEE/DEC is LOW, the DEC mode of operation 
is selected. In this mode the Am29325 uses the single-precision 
floating-point format (floating F) set forth in Digital Equipment 
Corporation’s VAX Architecture Manual. In addition, the DEC 
mode complies with most other aspects of single-precision 
floating-point operation outlined in the manual — differences are 
discussed in Appendix B. 


DEC Floating-Point Format 


The DEC single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 17. The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23-bit fraction. 


The sign bit indicates the sign of the floating-point number's 
value. Non-negative values have a sign of 0, negative values a 
sign of 1. 


The biased exponent is an eight-bit unsigned integer field repre- 
senting a multiplicative factor of some power of two. The bias 
value is 128. If, for example, the multiplicative factor for a 
floating-point number is to be 24, the value of the biased expo- 
nent would be a+ 128; a is called the true exponent. 


The fraction is a 23-bit unsigned fractional field containing the 23 
least-significant bits of the floating-point number's 24-bit man- 
tissa. The weight of this field’s most significant bit is 2-2; the 
weight of the least-significant bit is 2— 24. 


A floating-point number is evaluated or interpreted per the fol- 
lowing conventions: 


let s = sign bit 
e = biased exponent 
f = fraction 


0 
ife = O ands = 1...value = DEC reserved operand 


if0<e< 255..value = (—1)S*(2e—128)«(.1f) 
(normalized number) 


ife = Oands=0... value 


Zero — The value zero always has a sign of zero. 


DEC Reserved Operand — A DEC reserved operand does not 
represent a numeric value, but is interpreted as a signal or sym- 
bol. DEC reserved operands are used to indicate invalid opera- 
tions and operations whose results have overflowed the destina- 
tion format. They may also be used to pass symbolic information 
from one calculation to another. 


Normalized Number — A normalized number represents a 
quantity with magnitude greater than or equal to 2-128 but less 
than 2127, 

Example 1: 


The number +3.5 can be represented in floating-point format as 
follows: 


+3.5 = 11.19 x 20 
= 1119 x 22 


sign = 0 


biased exponent = 249 + 128149 = 130410 
= 100000105 


fraction = 110000000000000000000005 
(the leading 1 is implied in the format) 


Concatenating these fields produces the floating-point word 
4160000046. 


Example 2: 


The number —11.375 can be represented in floating-point 
format as follows: 


~11.375 = —1011.0119 x 20 
= ~.10110119 x 24 


sign = 1 


biased exponent = 449 + 12849 = 13240 


100001005 


fraction = 01101100000000000000000>5 
(the leading 1 is implied in the format) 


Concatenating these fields produces the floating-point word 
C236000046. 


DEC Mode Integer Format 


DEC mode integer format is identical to that of the IEEE mode. 
Integer numbers are represented as 32-bit, two’s complement 
words; Figure 7 depicts the integer format. The integer word can 
represent a range of integer values from —231 to 231-1. 


Operations 


All eight floating-point ALU operations discussed in the Gen- 
eral Description section can be performed in DEC mode. 


Figure 17. DEC-Mode Floating-Point Format 


BIASED 
EXPONENT (E) 


BIT NUMBER: 31 


VALUE = (—1)S (2E-128) (.1F) 


3-22 


FRACTION (F) 


2-20 9-21 9-22 9-23 9-24 
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Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations 
for this mode are described below. The IEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 
IEEE-TO-DEC and DEC-TO-IEEE Operations section on 
page 23. 


Operations with DEC Reserved Operands — DEC reserved 
operands arise in two ways: they can be generated by the 
Am29325 to indicate that an invalid operation or floating-point 
overflow has taken place, or they can be provided by the user as 
an input operand. 


When a DEC reserved operand appears as an input operand, the 
final result of the operation is the same DEC reserved operand. If 
an operation has two DEC reserved operands as inputs, the DEC 
reserved operand on the R port becomes the final result. 


The NAN flag will be HIGH whenever an operation produces a 
DEC reserved operand as a final result. 


Example 1: 


Suppose the floating-point addition operation is performed with 
the following input operands: 


R port: 4080000046 (0.1*21) 
S port: 8001234546 (DEC reserved operand) 


Result: This operation produces the DEC reserved operand on 
the S port, 8001234546, as the final result. The NAN flag 
will be HIGH. 


Example 2: 


Suppose the floating-point multiplication operation is performed 
with the following input operands: 


R port: 8076543216 (DEC reserved operand) 
S port: 8000000146 (DEC reserved operand) 


Result: Since both input operands are DEC reserved operands, 
the operand on the R port, 8076543246, is the final 
result of the operation. The NAN flag will be HIGH. 


Operations Producing Overfiows — If an operation produces a 
rounded result that is too large to fit in the destination format, that 
‘operation is said to have overflowed. 


A floating-point overflow occurs if a R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2127. The final result in such cases will be DEC 
reserved operand 800000004¢; the overflow, inexact, and NAN 
flags will be HIGH. 


Integer overflow occurs when the fixed-to-floating-point conver- 
sion operation attempts to convert to integer a floating-point 
number which, after rounding, is greater than 231— 4 or less than 
—231. The final result in such cases will be DEC reserved 
operand 8000000046; the invalid operation flag will be HIGH. 
Note that the overflow and inexact flags remain LOW for integer 
overflow. 


Operations Producing Underflows — If an operation produces 
a floating-point result which, after rounding, has a magnitude 
too small to be expressed as a normalized floating-point num- 
ber, but greater than zero, that operation is said to have under- 
flowed. Underflow occurs when an R PLUS S, R MINUS S, or R 
TIMES S operation produces a result which, after rounding, 
has magnitude: 


0 < magnitude < 2-128. 


The final result in such cases will be 0 (0000000046). The under- 
flow, inexact, and zero flags will be HIGH. 
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Underflow does not occur if the destination format is integer. If the 
infinitely precise result of a floating-point-to-integer conversion 
has a magnitude greater than 0 and less than 1, but the rounded 
result is 0, the underflow flag remains LOW. 


Invalid Operations — If an input operand is invalid for the opera- 
tion to be performed, that operation is considered invalid. In DEC. 
mode, there are only two invalid operations: 


— Performing a floating-point-to-integer conversion on a value 
too large to be expressed as a 32-bit integer. In this case the 
final result will be DEC reserved operand 800000004¢, and the 
invalid operation and NAN flags will be HIGH. 

— Performing a floating-point-to-integer conversion on a DEC 
reserved operand. In this case the final result will be the input 
DEC reserved operand, and the invalid operation and NAN 
flags will be HIGH. 


Sign Bit 


For all operations producing a DEC floating-point result, the sign 
bit of the final result is unambiguous, i.e., there is only one sign bit 
value that yields a numerically correct result. 


Rounding 


There are four rounding modes for DEC operation: round to 
nearest, round toward +=, round toward — =x, and round toward 0. 
The round toward +, round toward --x, and round toward 0 
modes are performed in a manner identical to that for IEEE 
operation; refer to the Rounding section under Operation in 
IEEE Mode on page 12. The round to nearest mode is similar to 
that for IEEE operation, but differs in one respect: for the case in 
which the infinitely-precise result of an operation is exactly 
halfway between two representable values, DEC round to 
nearest mode rounds to the value with the larger magnitude, 
rather than to the value whose LSB is 0. 


Flag Operation 


The Am29325 generates six status flags to monitor floating-point 
processor operation. The following is asummary of flag operation 
in DEC mode: 


Invalid Operation Flag — The invalid operation flag is HIGH if the 
FP-TO-INT operation is performed on a floating-point number too 
large to be converted to an integer, or on a DEC reserved 
operand. If the FP-TO-INT operation is performed on a floating- 
point number too large to be converted to integer, the final result is 
the DEC reserved operand 8000000034g. If the FP-TO-INT oper- 
ation is performed on a DEC reserved operand, that operand 
becomes the final result. 


Overflow Flag — The overflow flag is HIGH if an R PLUS S, R 
MINUS S, R TIMES S, or 2 MINUS S operation produces a result 
which, after rounding, has a magnitude greater than or equal to 
2127. The final result will be the’DEC reserved operand 
80000000346. 
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Underflow Flag — The underflow flag is HIGH if an R PLUS S, R 
MINUS S, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range: 


0 < magnitude < 2-128, 
The final result will be 0 (0000000046) in such cases. 


Inexact Flag — The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS §, R TIMES S, 2 MINUS §, INT-TO-FP, or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that if the underflow or overflow flag is HIGH, the inexact flag 
will also be HIGH. 


Zero Flag — The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an integer or a DEC 
floating-point number, the flag. accompanies the output 0 
(0000000046). (It should be noted that any operation producing a 
floating-point 0 in DEC mode will output 000000004¢.) 


NAN Flag — The NAN flag is HIGH ifan RPLUSS, RMINUSS, R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a DEC 
reserved operand as the final result. 


IEEE-TO-DEC AND DEC-TO-IEEE OPERATIONS 


The IEEE-TO-DEC and DEC-TO-IEEE operations are used to 
convert floating-point numbers between the IEEE and DEC for- 
mats. Both operations work in a manner independent of the 
IEEE/DEC mode control. 


IEEE-TO-DEC Conversion 


This operation converts an IEEE floating-point number to DEC 
floating-point format. Most conversions are exact; in no case 
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does the round mode have any affect on the final result. There 
are, however, a few exceptional cases: 


a.) If the IEEE floating-point input has a magnitude greater than 
or equal to 2127, it is too large to be represented by a DEC 
floating-point number. The final result will be the DEC re- 
served operand 8000000046; the overflow, inexact, and NAN 
flags will be HIGH. 

b.) Ifthe IEEE floating-point input is a NAN, the final result will be 
the DEC reserved operand 8000000046; the invalid and NAN 
flags will be HIGH. 

c.) If the IEEE floating-point input is a denormalized number, 
the final result will be a DEC 0 (0000000046); the zero flag 
will be HIGH. 

d.) If the IEEE floating-point input is +0 or —0, the final result will 
be a DEC 0 (0000000046); the zero flag will be HIGH. 


DEC-TO-IEEE Conversion 


This operation converts a DEC floating-point number to IEEE 
floating-point format. Most conversions are exact; in no case 
does the round mode have any affect on the final result. There 
are, however, a few exceptional cases: 


a.) If the DEC floating-point input is not 0, but has a magnitude 
less than 2-126, it is too small to be expressed as a nor- 
malized IEEE floating-point number. The final result will be an 
IEEE floating-point 0 having the same sign as the input 
(000000004¢ for positive inputs and 800000004¢ for negative 
inputs); the underflow, inexact, and zero flags will be HIGH. 

b.) Ifthe DEC floating-point input is a DEC reserved operand, the - 
final result will be quiet NAN 7FA000004¢; the invalid opera- 
tion and NAN flags will be HIGH. 

c.) If the DEC floating-point input is 0, the final result will be IEEE 
floating-point +0 (0000000046); the zero flag will be HIGH. 
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Differences Between the IEEE Proposed Standard for Binary 
Floating-Point Arithmetic and the Am29325’s IEEE Mode 


When operated in IEEE mode, the Am29325 High-speed 
Floating-Point Processor complies with the single-precision por- 
tion of the IEEE Proposed Standard for Binary Floating-Point 
Arithmetic (P754, draft 10.0) in most respects. There are, how- 
ever, several differences: 


Denormalized Numbers 


The Am29325 does not handle denormalized numbers. A de- 
normalized input will be converted to a zero of the same sign 
before the specified operation takes place. The operation pro- 
ceeds in exactly the same manner as if the input were +0 or —0, 
producing the same numerical result and flags. 


If the result of an operation, after rounding, has a magni- 


tude smaller than 2~ 126, the result is replaced by a zero of the. 


same sign. 


Representation of Overflows 


In some rounding modes, the proposed IEEE standard requires 
that overflows be represented as the format's most positive or 
most negative finite number. In particular: 


— When rounding toward 0, all overflows should produce a result 
of the largest representable finite number with the sign of the 
intermediate result. 


— When rounding toward —~, all positive overflows should pro- 
duce a result of the largest representable positive finite 
number. 


— When rounding toward +~, all negative overflows should 
produce a result of the largest representable negative finite 
number. 


The Am29325, however, always represents positive overflows as 
+x and negative overflows as —~, regardless of rounding mode. 


Projective Mode 


The proposed IEEE standard provides only for an affine mode to 
control the handling of infinities. The Am29325 provides both 
affine and projective modes; the desired mode can be selected by 
the user. 


3-25 


Am29325 


Traps 


The proposed IEEE standard stipulates that the user be able to 
request a trap on any exception. The Am29325 does not support 
trap operation, and behaves as if traps are disabled. 


Resetting of Flags 


The proposed IEEE standard states that once an exception flag 
has been set, it is reset only at the user's request. The Am29325's 
flags, however, reflect the status of the most recent operation. 


Generation of the Underflow Flag 


The proposed IEEE standard suggests several possible criteria 
for determining if underflow occurs. These criteria generate 
underflow flags that differ in subtle ways. The underflow criteria 
chosen for the Am29325 stipulate that underflow occurs if: 


a) the rounded result of an operation has a magnitude in the 
range: 


0 < magnitude < 2-126 
and 
b) the final result is not equal to the infinitely precise result. 


Since the Am29325 never produces a denormalized number as 
the final result of a calculation, condition (b) is true whenever (a) is 
true. Note, then, that the operation of the Am29325’s underflow 
flag is somewhat different than that of an “IEEE standard” system 
using the same underflow criteria. For example, if an operation 
should produce an infinitely precise result that is exactly 2~ 127, 
an “IEEE standard” system would produce that value as the final 
result, expressed as a denormalized number. Since that system's 
final result is exact, the underflow flag would remain LOW. The 
Am29325, on the other hand, would output zero; since its final 
result is not exact, the underflow flag would be HIGH. 
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APPENDIX B: 
Differences Between DEC VAX and Am29325 DEC Mode 


Operation in DEC mode complies with most aspects of single- 
precision floating-point operation outlined in the Digital Equip- 
ment Corporation's VAX Architecture Manual. However, there 
are some differences that should be noted: 


Format 


The Am29325’s DEC format is: 


sign — bit 31 
exponent — bits 30-23 
mantissa — 22-0 
The VAX format is: 
sign = bit-15 
exponent — 14-7 
mantissa — bits 6—0, bits 31-16. 


In both cases, fields are listed from MSB to LSB, with bit 31 the 
MSB of the 32-bit word. The Am29325's DEC format can be 
converted to VAX format by swapping the 16 LSBs and 16 MSBs 
of the 32-bit word. 


Flags vs. Exceptions 


In DEC VAX operation, certain unusual conditions arising during 
system operation may incur an exception, or an indication to the 
operating system that special handling is needed. 


The VAX recognizes a number of arithmetic exceptions. The 
following exceptions are relevant to the operations supported by 
the Am29325: 


Integer overflow trap — indicates that the last operation 
produced an integer overflow. The LSBs of the correct result 
are stored in the destination operand. 


Floating-point overflow trap/fault — indicates that the last 
operation produced, after normalization and rounding, a 
floating-point number with magnitude greater than or equal 
to 2127. A trap replaces the destination operand with the 
DEC reserved operand 80000000 4g; a fault leaves the de- 
stination operand unchanged. 


Floating-point underflow trap/fault — indicates that the last 
operation produced, after normalization and rounding, a 
floating-point number with magnitude less than 2-128 A 
trap replaces the destination operand with zero; a fault 
leaves the destination operand unchanged. 


Reserved operand fault — indicates that the last operation 
had a reserved operand as an input. The destination 
operand is unchanged. 
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The Am29325 does not directly support DEC traps and faults. 
Rather, it indicates unusual conditions by setting one or more of 
the six status flags HIGH. Table d2 describes flag operation in 
DEC mode. 


Integer Overflow 


In cases of integer overflow, the VAX signals the integer overflow 
trap and stores the LSBs of the correct result. The Am29325 sets 
the invalid operation flag and outputs the DEC reserved operand 
8000000046. 


Floating-Point Underflow/Overflow Operation 


The VAX Architecture Manual specifies the action to be taken on 
the destination operand when floating-point underflow or over- 
flow is encountered. The Am29325 has no immediate control 
over this destination operand, as it resides somewhere off-chip, 
either in a register or memory location. This isn't so much a 
difference between the VAX specification and Am29325 opera- 
tion as it is a difference in scope. 


The Am29325 responds to floating-point underflow by producing 
a final result of 0 (0000000046); the underflow, inexact, and zero 
flags will be HIGH. It responds to floating-point overflow by pro- 
ducing the DEC reserved operand 800000003¢ as the final result; 
the overflow, inexact, and NAN flags will be HIGH. 


f 


Handling of DEC Reserved Operands 


lf an operation has a DEC reserved operand as an input, the 
Am29325 will produce that operand as the final result. If an 
operation has two input arguments and both are DEC reserved 
operands, the operand on port R becomes the final result. For the 
VAX, operations with a DEC reserved operand input or inputs do 
not modify the destination operand. As mentioned above, control 
of the destination operand is beyond the scope of the Am29325's 
operation. 


Inexact Flag 


The Am29325 provides an inexact flag to indicate that the final — 
result produced by an operation is not equal to the infinitely 
precise result. The VAX does not provide this flag. 
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APPENDIX C: 
Performing Floating-Point Division on the Am29325 


While the Am29325 does not have a floating-point division in- 
struction, it can be used to evaluate reciprocals. The division: 
C = A/B 

can then be performed by evaluating: 

C = A+(1/B). 
Only a modest amount of external hardware is needed to imple- 
ment the reciprocal function. 


The technique for calculating reciprocals is based on the 
Newton-Raphson method for obtaining the roots of an equation. 
The roots of equation: 


F(x) = 0 
can be found by iteratively evaluating the equation 
Xi44 = Xj — F(xj)/F"(x)). 
The process begins by making a guess as to the value of x;, and 
using this guess or “seed” value to perform the first iteration. 
Iterations are continued until the root is evaluated to the desired 
accuracy. The number of iterations needed to achieve a given 
accuracy depends both on the accuracy of the seed value and the 
nature of F(x). 
Now consider the equation 
F(x) = (1/x) — B. 
The root of F(x) is 1/B. The reciprocal of B, then, can be found by 
using the Newton-Raphson method to find the root of F(x). The 
iterative equation for finding the root is 
Xi+4 = Xj — F(x)/F’(x)) 
= xX — (1/%, — BY —(%)-2 
Xj (2— Bex). 
It can be shown that, in order for this iterative equation to con- 
verge, the seed value xg must fall in the range 
0<x9<2/B ifB>0 

or 2/B<x9 <0 ifB < 0. 
For example, if the reciprocal of 3 is to be evaluated, the seed 
value must be between 0 and 2/3. 


The error of xj reduces quadratically; that is, if the error of x; is e, 
the error is reduced to order e2 by the next iteration. The number 
of bits of accuracy in the result, then, roughly doubles after every 
iteration. While this is only an approximation of the actual error 
produced, it is a handy rule-of-thumb for determining the number 
of iterations needed to produce a result of a certain accuracy, 
given the accuracy of the seed. 


Example 1: 
Find the reciprocal of 7.25. 
Solution: 
The seed value must fall in the range 
0 < X9 < 2/7.25 
or O< Xo < .275862. 
Suppose xg is chosen to be .1 


Iteration 1: x1 = xo (2—B*xo) 
.1(2—(7.25) (.1)) 
= .1275 
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Iteration 2: xo = x4 (2—Brx}) 
.1275(2—(7.25) (.1275)) 
1371421875 

Iteration 3: x3 = xo(2—Bexo) 
1371421875» 

(2—(7.25) (.1371421875)) 
= .1379265230 


The actual value of 1/7.25, to ten decimal places, is 
.13879310345. 


The error after each iteration is: 


Error to Ten Places 


Iteration Xj 


ae 1371421875 —0,0007888470 
1379265230 ~0.0000045115 


Example 2: 


Find the reciprocal of —.3. 
Solution: 
The seed value must fall in the range 
2/(—.3) < x9 < 0 
or -—6.66 < xg < 0. 
Suppose Xg is chosen to be —2.0. 


Iteration 1: x4 = x9(2—B*xo) 
—2.012—(—.3):(—2.0)) 
8 


Iteration 2: xo = x4 (2—Brxy) 
—2.8(2—(—.3) (—2.8)) 
= —3.248 


Iteration 3: x3 = xo(2—Brxo) 
= —3.248(2—(—.3) (—3.248)) 
= —3.3311488 


Iteration 4: x4 = x3(2—B+x3) 

= —3.3311488+ 
(2—(—.3) (—3.3311488)) 
—3.333331902 


The actual value of 1/(—.3), to ten decimal places, is 
—3.333333333. 


II 


The error after each iteration is: 


Error to Ten Places 


ace ee ee 

—3.3311488 0.002184533 

0.000001431 
In order to implement the Newton-Raphson method on the 
Am29325, some means is needed to generate the seed used 
in the first iteration. One approach is to place a hardware 
seed look-up table between the R bus and the Am29325; see 


Table c1. A more detailed diagram of the look-up table appears 
in Figure c2. 
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TABLE c1. CONTENTS OF THE SEED EXPONENT PROM 


Address (16) Data (16) Address (16) Data (16) 
000 . 100 FD 


(Note 1) 
(Note 1) 


(Note 2) 


1. The reciprocals of these numbers are too large to be represented in DEC 
format. 

2. The reciprocals of these numbers are too small to be represented in 
normalized IEEE format. 


Figure c1. Adding a Hardware Look-Up Table to the Am29325 


HARDWARE 
LOOK-UP 
TABLE 
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The look-up table has two sections: a biased exponent look-up 
PROM and a fraction look-up PROM. The seed biased exponent 
look-up table is stored in a 512-by-8-bit PROM. This table con- 
sists of two sections — the DEC format section, which occupies 
addresses 000—OFF 46, and the IEEE section, which occupies 
addresses 100-1FF1g. The appropriate table will be selected 
automatically if address line Ag is wired to the Am29325's IEEE/ 
DEC pin. The equations implemented by these table sections are: 


DEC table: seed biased exponent 
= 25719 —input biased exponent 


IEEE table: seed biased exponent 
= 25219 —input biased exponent 


Table c1 lists the contents of this PROM. 


The seed fraction look-up table is stored in one or more PROMs, 
the number of PROMs depending on the desired accuracy of the 
seed value. The hardware depicted in Figure c2 uses two 4K- 
by-8-bit PROMs to implement a fraction look-up table whose 


inputs are the 12 MSBs of the input argument’s fraction. These 
PROMs output the 16 MSBs of the seed’s fraction field — the 
remaining 7 bits of fraction are set to 0. The equation im- 
plemented in this table is: 


2 


seed fraction = — ————— 
1 + input fraction 


where the value of the input fraction falls in the range 

O < input fraction < 1. 
Note that the seed fraction must also be constrained to fall in 
the range 

0 = seed fraction < 1. 


Therefore, if the input fraction is 0, the corresponding seed frac- 
tion stored in the table must be .1111...1119, not 1.02. The same 
seed fraction look-up table may be used for both IEEE and DEC 
formats. Table c2 contains a partial listing for the seed fraction 
look-up table shown in Figure c2. 


Am29325 


Address (16) | Value of Input Fraction (10) 
000 


0.000244 1406 
0.0004882812 
0.0007324219 
0.0009765625 
0.0012207031 
0.0014648438 
0.0017089844 
0.0019531250 
0.0021972656 
0.0024414063 
0.0026855469 
0.0029296875 


0.9975585938 
0.9978027344 
0.9980486750 
0.9982910156 
0.998535 1563 
0.9987792969 
0.9990234375 
0.9992675781 
0.9995117188 
0.9997558594 


TABLE c2. CONTENTS OF THE SEED FRACTION PROMs 


Value of Seed Fraction (10) 


0.9999999999 (see text) 


0.9995118370 
0.9990239150 
0.9985362280 
0.9980487790 


-0.9975615710 


0.9970745970 
0.9965878630 
0.9961013650 
0.9956151030 
0.9951290800 
0.9946432920 
0.9941577400 


0.0012221950 
0.00109984 10 
0.0009775170 
0.0008552230 
0.0007329590 
0.0006 107240 
0.0004885200 
0.0003663450 
0.0002442000 
0.0001220850 


PROM Outputs (16) 
R22—Ris| Riq—Rz 


Figure c2. The Hardware Lookup-Up Table 


o 
R BUS e 
e 
8 12 
BIASED 12 MSBs 
EXPONENT OF FRACTION 
(R39—R3) (Ro9—Ry4) 
IEEE/DEC 


Ag A7-Ao 
Am27S15 512 x 8 


(2) Am27S43 4K x 8 


SEED EXPONENT PROM SEED FRACTION PROMs 


D7-Dpy 


SEED FRACTION 
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With the hardware look-up table in place, the reciprocal of value B 4.) Load 2—B+xg into register F. Select the R TIMES S operation 


can be calculated with the following series of operations: and select register F as the input to the ALU S port. (see 

1.) Place B on both the R and S buses. The 2: 1 multiplexer at Figure c3-d) 
the output of the hardware look-up table should select the 5.) Load the value x; (=x9(2-—B*xg)) into registers R and F. 
output of the look-up table. (see Figure c3-a) Select the R TIMES S operation. (see Figure c3-e) 

2.) Load the seed value xq into register R and load B into register 6.) Repeat steps 3 through 5 until the result has the accuracy 
S. Select the R TIMES S operation. (see Figure c3-b) desired. 


3.) Load product B+xo into register F. Select the 2 MINUS S 
operation, and select register F as the input to the ALU S port. 
(see Figure c3-c) 


Figure c3-a. Data Flow for Step 1 of the Reciprocal Procedure 


| Am29325 
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Figure c3-b. Data Flow for Step 2 of the Reciprocal Procedure 


BUS S 

BUS R 
| REGISTER R | 
| [Xo] | 
| REGISTER F | 
| Am29325 | 
| RRS Nr RRS Re eS ER eat Alera re he hee RENTS be OX SS Sine shigmsanansiesah“mmaiiguiiaeirin. jeaiaibbdpanapmas “elepeeeetatia tenant edaideniaii eal 

Fo-F34 
BUS F 
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Figure c3-c. Data Flow for Step 3 of the Reciprocal Procedure 


BUS S 
BUS R 
So- S31 
| REGISTER S | 
| =] | 
| REGISTER R | 
| [Xp] | 
| REGISTER F | 
| [B * Xo] 
| Am29325 | 
=e SS eS ae ee eee: FA eee SERED CED AS LS a cl 
Fo-F31 
BUS F 
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Figure c3-d. Data Flow for Step 4 of the Reciprocal Procedure 


BUS S 
BUS R 
So- S31 
| REGISTER S | 
| =) | 
| REGISTER R | 
| [Xo] | 
X, [= Xp (2-B * Xo)] | 
| REGISTER F | 
| Am29325 | 
oer ln racy Racine Hike send gine AAO SS Sea ee eERnaay DEINE GALERIE. Sncaaenmnaniay: GincaaiEt Smiaaanaine: <jenvensiensinall 
Fo-F31 
BUS F 
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Figure c3-e. Data Flow for Step 5 of the Reciprocal Procedure 


REGISTER R 
[X4 (= Xo (2-B * Xp)] 


REGISTER F 
[Xy (= Xo (2-B * Xo)] 


BUS F 
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A tabular description of the operations above is given in Table c3. port S. The look-up table produces the value 
The following examples, performed in IEEE format, illustrate the .0395278949 (3D21E80016). The reciprocal is 
process. evaluated using the procedure described above; reg- 
Example 1: ister values for each step are given in Table c4. The 
expected result, to the precision of the floating-point 
Find the reciprocal of 25.3. word, is .03952569 9 (3D21E5B146). In this case the 
Solution: The IEEE floating-point representation for 25.3 is expected result is produced after the first iteration. All 
41CA66661¢. The reciprocal process is begun by subsequent iterations produce the same result, and 

feeding this value to both the seed look-up table and are therefore unnecessary. 


TABLE c3. SEQUENCE OF EVENTS FOR EVALUATING RECIPROCALS 


Clock 
Cycle lo—lo Register R Register S Register F 


ag 
| 
«(ates s oe 
Ps | ates s 


7 R TIMES S 


pe [a TMess 


X = DON'T CARE 


Second 
iteration 


TABLE c4. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 1 


R Input S Input Register R Register S Register F 
1 3D21E800 41CA66666 
(03952789) (25.3) 
3D21E8004¢ 41CA66664¢ 
(.03952789) (25.3) 
3D21E80015 41CA666616 3F8001D34¢ 
(03952789) (25.3) (1.0000556) 
3D21E80046 41CA66664¢ 3F7FFC5A46 
(03952789) (25.3) (.99984419 
3D21E5B1 46 41CA66664¢ 3D21E5B14¢ 
a od (.03952569) (25.3) (.03952569) - — first 
3D21E5B1 16 41CA66664¢ 3F7FFFFF 46 
(03952569) (25.3) (.99999994) 
3D21E5B1 46 41CA66664¢ 3F8000004¢ 
(03952569) (25.3) 1.0) 
3D21E5B14¢ 41CA666646 3D21E5B1i¢ 
ee (03952569) (25.3) (03952569) = Scat second 
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Example 2: evaluated using the procedure described above; reg- 
Find the reciprocal of —.4725. ister values for each step are given in Table c5. The 


fe expected result, to the precision of the floating-point 
Solution: The IEEE floating-point representation for —.4725 is word, is —2.11640249 (C007732246). In this case the 


BEFIEB854¢. The reciprocal process is begun by expected result is produced after the first iteration. Alll 
feeding this value to both the seed look-up table and subsequent iterations produce the same result, and 
port S. The look-up table produces the value are therefore unnecessary. 

—2.11621094149 (C00770001¢). The reciprocal is 


TABLE c5. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 2 


Cycle R Input S Input Register R Register S Register F 
C00770004¢ BEF 1EB851¢ 
(—2.1162109) (—0.4725) 
C0077000 46 BEF 1EB854¢ 
(—2.1162109) (—0.4725) 
C00770004¢6 BEF1EB854¢ 3F7FFA1446 
(—2.1162109) (—0.4725) (0.99990963) 
C00770004¢ BEF1EB851¢ 3F8002F64¢ 
(—2.1162109) (—0.4725) (1.0000904) 
C007732246 BEF1EB851¢ C00773224¢ 
(—2.116402) (—0.4725) (—2.116402) 


~®- Result of first 
iteration 


C007732246 BEF1EB851, 3F80000016 
(—2.116402) (—0.4725) (1.0) 

C007732216 BEF1EB851¢ 3F8000004¢ 
(—2.116402) (—0.4725) (1.0) 

C00773221¢ BEF1EB851¢ C007732246 
(—2.116402) (—0.4725) (—2.116402) 


~=™ Result of second 
iteration 
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APPENDIX D: 
Summary of Flag Operation 


Tables d1, d2, and d3 summarize flag operation for the IEEE 
mode, the DEC mode, and for the IEEE-TO-DEC and DEC-TO- 
IEEE operations. 


TABLE di. FLAG SUMMARY FOR IEEE MODE 


Operation Condition(s) INV OVF UNF INE ZER NAN 


Any operation 
listed in the 
IEEE Invalid 
Operations Table 


R PLUS S Input operands are finite, 
R MINUS S | rounded result| > 2128 
R TIMES S 
2 MINUS S 


RPLUS S 
R MINUS S 0 < |rounded result] < 2-126 
R TIMES S 


R PLUS S Final result does not equal 
R MINUS S infinitely precise result 
R TIMES S 


2 MINUS S 
INT-TO-FP 
FP-TO-INT 


RPLUS S Final result is zero 
R MINUS S 
R TIMES S 
2 MINUS S 
INT-TO-FP 
FP-TO-INT 


R PLUS S Final result is a NAN 
R MINUS S 
R TIMES S 
2 MINUS S 
FP-TO-INT 


Notes: INV. = Invalid operation flag 
OVF = Overflow flag 
UNF = Underflow flag 
INE = Inexact flag 
ZER = Zero flag 
NAN = NAN flag 
L ‘= LOW 
= HIGH 


= State of flag 
depends on the 
input operands 
and the operation 
performed 
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TABLE d2. FLAG SUMMARY FOR DEC MODE 
Operation Condition(s) INV OVF UNF INE ZER NAN 


FP-TO-INT Rounded result > 231-1 2 rg L if 
or rounded result < —231 

FP-TO-INT Input is a DEC reserved L L L L 
operand 


R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 


R PLUS S 
R MINUS S 
R TIMES S 


R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 
INT-TO-FP 
FP-TO-INT 


R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 
INT-TO-FP 
FP-TO-INT 


R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 
FP-TO-INT 


| Rounded result| > 2127 


0 < |rounded result| < 2~ 128 


Final result does not equal 
infinitely precise result 


Final result is zero 


Final result is a DEC 
reserved operand 


Notes: INV = Invalid operation flag H = HIGH 
OVF = Overflow flag ° = State of flag 
UNF = Underflow flag depends on the 
INE = Inexact flag input operands 
ZER = Zero flag and the operation 
NAN = NAN flag performed 
L = LOW 


TABLE d3. FLAG SUMMARY FOR IEEE-TO-DEC AND DEC-TO-IEEE CONVERSIONS 


Operation Condition(s) 


DEC-TO-IEEE Final result is 0 
IEEE-TO-DEC 


Notes: INV Invalid operation flag H = 
OVF Overflow flag . = State of flag 


UNF Underflow flag depends on the 
INE = Inexact flag input operands 
ZER Zero flag and the operation 
NAN NAN flag performed 

L = LOW 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ..................2.. —65 to + 150°C Commercial (C) Devices 
Temperature Under Bias - Tc ............ =55 to + 125°C Temperature (Ta) 2.1. 0 to +70°C 
Supply Voltage to Ground Potential | UNC MONAGE =, 5 rite cs +4.75 to +5.25V 
Co cs cate Go a —0.5 to +7.0V 5 
DC Voltage Applied to Outputs pultary (M) Devices g 
; peumerante Che) os oss cicada cee —55 to +125°C 
wee et —0.5V to +Vcc Max Suinely Wonaan +45 to +5.5V 
Eo ee WOOO oo. leas cece hee cs —0.5 to +5.5V PPIY 1 pe Ne Rage acc vag ages 
DC Output Current, into Outputs .................0-. 30mA Operating ranges define those limits over which the functionality of the 
Deemetcurent Ae ee —30 to +5.0mA device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM RATINGS 
may cause permanent device failure. Functionality at or above these 
limits is not implied. Exposure to absolute maximum ratings for ex- 
tended periods may affect device reliability. 


DC CHARACTERSITICS OVER OPERATING RANGE unless otherwise specified 


Test Conditions Typ 
Parameter Description (Note 1) Min (Note 2) Max Units 


Voc = Min 
Vin = Vit or Vin 
loH = —0.4mA 


Output HIGH Voltage 


nN 
N 


Oo f 
w 


co) 
* 
> 


Voc = Min 
Vin = Vit or Vin, 
lo. = 4.0mA 


Guaranteed Input Logical 
ViH input HIGH Level HIGH Voltage for All Inputs 
Guaranteed Input Logical 
Vit input COW Level LOW Voltage for All Inputs 
Vv Input Clamp Voltage peat 8 A 
Nie Input LOW Current ng Ss a a 
Voc = Max 
Input HIGH Current Vin = 2.4V 
Voc = Max 
Input HIGH Current Vin = 5.5V 
= ; Vo = 2.4V 
Fo —F31 Off State (High Voc = Max 
lozt Impedance) Output Current 
= Output Short Circuit Current Voc = Max Fo—F3; Outputs 
(Note 3) Vo = OV Flag Outputs 


COM'L, MIL Ty = +25°C 


Ta = 0 to +70°C 
COM'L Only 
Voc = Max Ta = +70°C 


Ta = —55 to + 125°C 
MIL Only 
Ta = +125°C 


Notes: 1. For conditions shown as Min or Max, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical values are for Voc = +25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with OE LOW, and with all output bits (Fg—F31 and flag outputs) LOW. 


Output LOW Voltage 


i 


ae 
> 


= 
> 


x of 


Power Supply Current (Note 4) 


3 
> 
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Am29325 | NV : 
SWITCHING CHARACTERISTICS _ DOL Ince a) 
OVER OPERATING RANGE : 

Ta = 25°C | Ta = 0 to +70°C | Tc = —55 to 125°C 


Clocked Add, Subtract Time (R PLUS S, » 


v 
ry) 
= 
ry 
3 
aA 
® 
Ase | 
a 


"ASC R MINUS S, 2 MINUS S) | 
tuc Clocked Multiply Time (R TIMES S) ee 
a Clocked Conversion Time (INT-TO-FP, 


FP-TO-INT, IEEE-TO-DEC, DEC-TO-IEEE) 


Unclocked Add, Subtract Time (R, S to F, 
Flags) for R PLUS S, R MINUS S, 
and 2 MINUS S Instructions 


Unclocked Multiply Time (R, S to F, Flags) 
for R TIMES S Instruction 


FTp = HIGH 
FT, = HIGH 


Unclocked Conversion Time (R, S to F, 
Flags) for INT-TO-FP, FP-TO-INT, IEEE- 
TO-DEC and DEC-TO-IEEE Instructions 


Clock Pulse Width HIGH 
Clock Pulse Width LOW 


Clock to Fo—F31 and Flag Outputs 


5 i ) Z to LOW 
OE Enable Time 
Z to HIGH 


a 1-3, (5 7 We Ge Shas 2a 
eiSijzisi 5 |§ | g 
ao Ta” te Meet 


tpzi 
tpZH 


= LOW to Z 
OE Disable Time 
~ HIGH to Z 


tpZL16 Clock? to Fo-Fi5 Enable, Z to LOW S16/32 = HIGH 
tpz7Hi6e 16-Bit 1/O Mode Zto HIGH | ONEBUS = LOW 


tPLZ16 Clock| to Fy—F 45 Disable, LOW to Z 
16-Bit I/O Mode HIGH to Z 


Clock] to Fyg—F3; Enable, | 2tOLOW | 16/32 = HIGH 
16-Bit /O Mode Zto HIGH | ONEBUS = LOW 
Clock} to Fyg—F31 Disable, | LOW toZ 

tpHzie 16-Bit 1/O Mode HIGH to Z 

Register Clock Enable Setup Time 


Ro—R31, So—S31 Setup Time (Note 1) 
Ro—R31, So—S31 Hold Time (Note 1) 


tsp2 Ro—R31, So—S31 Setup Time (Note 1) FT) = HIGH 
Ro—R31, So—S31 Hold Time (Note 1) FT, = LOW 


lo—Io Instruction Select Setup Time - | FT for Destination 
lo—lp Instruction Select Hold Time Register = LOW 


tppio2 lo—lo Instruction Select to Fo—F3 1, Flags FT, = HIGH. 


lg Port S Input Select Setup Time 


tHi3 lz Port S Input Select Hold Time 


tsi4 l4 Register R Input Select Setup Time (Note 1) 


FTy = LOW 
l4 Register R Input Select Hold Time (Note 1) 


Round Mode Select Setup Time ET for Destination 
Round Mode Select Hold Time Register = LOW 


tprRF Round Mode Select to Fg—F31, Flags FT, = HIGH 


Notes: 1. See timing diagram for desired mode of operation to determine clock edge to which these setup and hold times apply. 
2. At air velocity of__linear feet per minute. 
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CLOCKED OPERATION: FTo’= LOW 
FT, = LOW 


he 
me ISCE tHce 4 


XK) 


ve XX on 


YOON) XXX KKK KKK KY ; EE TEC 
a RKO |) RARER | _DRRIR 
in ee 
XXX X ree. XXX XXX XX XX OPES SOSCES os XXX 
BORK | RRERREREREO REAR | ARRIER 


( 
Y 


() 
KKK KKK KKK) : QO 
tHio2 


Xs QO 


RNDy—RND, 


CLOCKED OPERATION: FTpg = HIGH 
FT; = LOW 
Vv) 


CLK ‘ 
PWH ‘PwL 
\/ 


'Sce a 
=~ KKXXXKKKA) OXKOKXKAK KX AM AAA AAA AY eS OY 
BF ARERR | ___RBR IRI IRNRINID cee 


XX 
Q x {\ OKAY 


V/ 
Xx) (\/\ 


tppoF2 


Fo-F3, 
FLAGS VALID 


RNDy - RND, 


Am29325 


05621A-31 


05621A-32 
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CLOCKED OPERATION: FT) = LOW 
FT, = HIGH 


‘SCE tHCE 
en, XY smal OXRKEKLK SKM 
Bd RRRK | DR RRR, |) 


{\/\/\ 
cn OD = ET = 


XXX 
Y v Oy 


6 4) 
WY) RKC) = 
tsp 
iy VaVaVaVatal, \JV/ YY YY YY YY YY YX KY VX XX XB XKAKKXK? 
ROOK | RRR | KRRRS 


XX 
VOY 0,9, 


Lem RIO cama Yana 
ences SS 
ee pe 
a 


05621A-33 


Se a 
RY | 

tppi02 
XY 


XK KY 


ANDY-AND, NYY) 


OXY 


(XXK XK?) ) (KX) 
KKK KKK RY 


Fo Fy, KEKXKKKKRRD) 
LAGS YOY 


= ws 


05621A-27 


t t 
CLK HD1 4 HD1 


INPUT DATA 
BUS 


¢, 


KKK) 
YOY ROY 


YY YY YS 


05621A-28 
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16-BiIT, TWO-INPUT-BUS MODE 


tyo1 t 
clk Pa HD1 


16 LSBs 
XX X XY 


tsi4 


YVVY 
XY 


VA/\A/ 
OX, XX 
a 


rele 
tpLz16, 


tpHz16 


RINPUT BUS, .XXXXXXXXK XXX) 
PUT Os OY 


X 


\/ 


I 
(NOTE 1) 


POON, AX 


Fo-Fi5 


‘pz. 16, 
tpzH16 


Fig — Foy 


Note 1. I4 has special setup and hold time requirements in this mode. All other control signals have timing requirements as shown in the diagram 
“Clocked operation, FTg = LOW, FT; = LOW.” 


05621A-29 
OUTPUT ENABLE/DISABLE TIMING 
OE 
a ee (HIGH LEVEL) 
Fo-F3y 
(LOW LEVEL) 
05621A-30 
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PACKAGE INFORMATION 


PACKAGE PHOTOGRAPHS 


Top View Lateral View 


eecoeadceesocooosoo 
wQGOOeCGoOoGoOoeoooo"e 
eeoo0eooe 000000060 


CLOHCKOOOOCLLOLEE 
0OOOOCOOCELLOOOEE 


Bottom View isometric View 
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SORTED BY PIN 


inexact 
Invalid 


Foy 
Overflow 


a eee 
PROJ/AFF 
ONEBUS 
ase 
$16/32 


Am29325 PINOUT 
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SORTED BY FUNCTION 


IEEE/DEC 
Inexact 
Invalid 
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Am29325 PINOUT (Cont) 


SORTED BY PIN SORTED BY FUNCTION 


Overflow _ 
PROJ/AFF 


95 Rog 
96 GND, ECL 
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Am29325 PINOUT (Cont) 


SORTED BY PIN 3 SORTED BY FUNCTION 


Voc, TTL 
Zero 


Am29325 
PACKAGE 


SYSTEM 
Voc PLANE 


CERAMIC 05621A-34 


Notes: 1. All power supply pins must be connected. 

2. ECL GND and TTL GND should not be connected directly into the main system ground plane. Using signal plane traces as short and wide as 
possible, ECL GND pins should be connected together, as should TTL GND pins, but without interconnection. These separate ground buses 
should be connected together and to the system ground plane at a decoupling capacitor close to the package. ECL Voc and TTL Voc should be 
treated similarly. See diagram above. 
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SUGGESTED PRINTED CIRCUIT BOARD LAYOUT 


Bottom View 


—s 


oo N OO OO S&S WO ND 


TTL GND 
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THERMAL CHARACTERISTICS 


THERMAL 
RESISTANCE | 
°C/W 


AIR VELOCITY 
LINEAR FEET PER MINUTE 


05621A-36 
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PHYSICAL DIMENSIONS 


©O©OOOOO 
©ODOOOOOHHOOHOOO 
©©OO 


~ *Subject to change. — 


The International Standard of Quality 
guarantees the AQL on all electrical parameters, 
AC and DC. over the entire operating range. 
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Am29331 


16-Bit Microprogram Sequencer 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


16-Bits Address Up to 64K Words 

Like the other members of the Am29300 family, the 
Am29331 supports 80-90ns microcycle for the 32- 
bit high-performance system. 

Real Time Interrupt Support 

Micro-TRAP and interrupts are handled transparently 
at any microinstruction boundary. 

Built-in Conditional Test Logic 

Generates inequality evaluation branch conditions 
from four ALU status bits, eight external test inputs 
and a polarity control input. 


@ Break-Point Logic 
Built-in address comparator allows break-points in 
the microcode for debugging and statistics collection. 
Master/Siave Error Checking 
Two sequencers can operate in parallel as a master 
and a slave. The slave generates a fault flag for 
unequal results. 
33-Level Stack 
Provides support for interrupts, loops and subroutine 
nesting. It can be accessed through the D-bus to 
support diagnostics. 


GENERAL DESCRIPTION 


The Am29331 is a 16-bit wide high-speed single chip 
sequencer designed to control the execution sequence of 
microinstructions stored in the microprogram memory. The 
instruction set is designed to resemble high level language 
constructs, thereby bringing high level language program- 
ming to the micro level. 


The Am29331 is interruptible at any microinstruction 
boundary to support real time interrupts. Interrupts are 
handled transparently to the microprogrammer as an unex- 
pected procedure call. Traps are also handled transparent- 
ly at any microinstruction boundary. This feature allows re- 
execution of the prior microinstruction. Two separate buses 
are provided to bring a branch address directly into the chip 
from two sources to avoid siow turn-on and turn-off times 


for different sources connected to the data input bus. Four 
sets of multiway inputs are also provided to avoid slow turn- 
on and turn-off times for different branch address sources. 
This feature allows implementation of table look-up or use 
of external conditions as part of a branch address. The 
thirty-three-deep stack provides the ability to support inter- 
rupts, loops and subroutine nesting. The stack can be read 
through the D-bus to support diagnostics or to implement 
multitasking at the micro-architecture level. The master/ 
slave mode provides a complete function check for the 
device. 


The Am29331 is designed with the ImMox!™™ process which 
allows internal ECL circuits with TTL compatible |/O. It is 
housed in a 120 pin-grid-array package. 


RELATED PRODUCTS 


| Part No. Description 


Am29323 
Am29325 
Am29332 
Am29334 


32-Bit ALU 


IMOX is a trademark of Advanced Micro Devices, Inc. 


3-50 


32 x 32 Parallel Multiplier 
32-Bit Floating Point Processor 


64 x 18 Four-Port, Dual-Access Register File 


05729A 
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BLOCK DIAGRAM 


Am29331 
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Am29332 


32-Bit Arithmetic Logic Unit 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Single Chip, 32-Bit ALU 

Supports 80-90ns microcycle for the 32-bit data 
path. It is a combinatorial ALU with equal cycle 
time for all instructions | 

Flow Through Architecture 

A combinatorial ALU with two input data ports and 
one output data port allows implementation of paral- 
lel or pipelined architectures 

64-Bit In, 32-Bit Out Funnel Shifter 

This unique functional block allows n-bit shift-up, 
shift-down, 32-bit barrel shift or 32-bit field extract 


@ Supports All Data Types 
It supports one-, two-, three- and four-byte data for 
all operations and variable-length fields for logical 
operations 
Multiply and Divide Support 
Built-in hardware to support two-bit at a time modi- 
fied Booth's algorithm and one-bit at a time division 
algorithm 
Extensive Error Checking 
Parity check and generate provides data transmis- 
sion check. Master/slave mode provides complete 
functional checking 


GENERAL DESCRIPTION 


The Am29332 is a 32-bit wide non-cascadable ALU with 
integration of functions that normally don't cascade such as 
barrel shifters, priority encoders and mask generators. Two 
input data ports and one output data port provide flow 
through architecture and allow the designer to implement 
his/her architecture with any degree of pipelining and no 
built-in penalties for branching. Also, the simplicity of a 
three-bus ALU allows easy implementation of parallel or 
reconfigurable architectures. The register file is off-chip to 
allow unlimited expansion and regular addressability. 


The Am29332 supports one-, two-, three- and four-byte 
data for arithmetic and logic operations. It also supports 


multiprecision arithmetic and shift operations. For logical 
operations, it can support variable-length fields up to 32 
bits. When fewer than four bytes are selected, unselected 
bits are passed to the destination without modification. The 
device also supports two-bit at a time modified Booth's 
algorithm for high-speed multiplication and one-bit at a time 
division. Both signed and unsigned integers for all byte 
aligned data types mentioned above are supported. 


The Am29332 is designed to support 80-90 ns microcycie 
time. The device is packaged in a 168 pin-grid-array 
package. 


RELATED PRODUCTS 


Part No. Description 


Am29323 
Am29325 
Am29331 


32 x 32 Parallel Multiplier 
32-Bit Floating Point Processor 
16-Bit Microprogram Sequencer 


Am29334 64x18 Four-Port, Dual-Access Register File 


05730A 
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Am29332 
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Am29334 


Am29334 


Four-Port, Dual-Access Register File 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Fast 

With an access time of 20ns, the Am29334 sup- 
ports 80-90ns microcycle when used with the 
Am29300 family for 32-bit systems. 

64x 18 Bits Wide Register File 

The Am29334 is a high-performance, high-speed, 
dual-access RAM with two READ ports and two 
WRITE ports. 

Cascadable 

The Am29334 is cascadable to support either wider 
word width, deeper register files, or both. 


@ Simplified Timing Control 
Control for write enable timing and for on-chip 
read/write multiplexer are derived from a single- 
phase clock input. 
Byte Parity Storage 
Width of 18 bits facilitates byte parity storage for 
each port and provides consistency with the 
Am29332 32-bit ALU. 
Byte Write Capability 
Byte-write enable pins allow byte or full word writes. 


GENERAL DESCRIPTION 


The Am29334 is a 64-word deep and 18-bit wide dual- 
access register file designed to support other members of 
the Am29300 family by providing high-speed storage. It has 
two write and two read ports for data and four 6-bit address 
ports. Two address ports are associated with each pair of 
read and write data ports; one to read data and the other to 
write. The device is capable of performing two reads and 
two writes in one cycle. The 18-bit wide register file allows 


storage of byte parity to support parity check and generate 
in the Am29332 32-bit ALU. Independent control for each 
read and write data port allows the Am29334 to be used as 
a high-speed shared memory or as a mailbox for a 
multiprocessor system. The device is designed to support 
an access time of 20ns. It is housed in a 120 pin-grid-array 
package. 


BLOCK DIAGRAM 
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RELATED PRODUCTS 


[Part No. |Description Description 


Am29323 32 x 32 Parallel Multiplier Am29331 16-Bit Microprogram Sequencer 
Am29325 32-Bit Floating Point Processor Am29332 32-Bit ALU 
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32-Bit Error Detection and Correction Unit 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Boosts memory reliability 

- Corrects all single bit errors 

- Detects all double and some triple bit errors 

~ Reliability of dynamic RAM memory system is in- 
creased 

Very high speed 

— Perfect for microprocessor, minicomputer and main- 
frame systems 

All necessary features are built-in to the Am29360 

including memory testing, Reconfiguration, Diagnostics, 

and Data In/Out, Data Bits Out and Check Bits Out 

latches 


@ Handles data word widths from 8- to 32-bits 
- Byte writes on all word widths from 8- to 32-bits 
@ Diagnostics built-in 
- The processor may exercise the memory or Am29360 
under software control to check for proper operations 
@ Built-in Memory Timing Controller (MTC) 
— Supports byte writes 
- Delay line controlled timings 
- Arbitrates between refresh and memory request 
— Refresh internal timer for generating refresh requests 
independent of processor 


GENERAL DESCRIPTION 


The Am29360 Error Detection and Correction Unit (EDC) 
contains the logic necessary to generate check bits on a 
32-bit data field according to a modified hamming code, 
and to correct a data word when check bits are supplied. 
Operating on data read from memory, the Am29360 will 
correct any single-bit error and will detect all double and 
some triple bit errors. For 32-bit words, 7 check bits are 
used. In all configurations, the device makes the error 
syndrome bits available on output signals S/Co-S/C7 for 
data logging. 


The Am29360 also features diagnostic modes, in which 
diagnostic data can be forced into portions of the chip to 
simplify device testing and to execute system diagnostic 
functions. 


The built-in MTC (Memory Timing Controller) generates ail 
timing signals for the on-board error detection and correc- 
tion function. The Am29360 also has a general purpose 
CPU interface and a Power-up sequence which includes 
eight RAS-only Wake-Up cycles, a two part Test (Read/ 
Write, Increment) and memory Initialize. 
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1M-Bit Dynamic Memory Controller (DMC) 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Provides control for 16K, 64K, 256K, and 1M-bit dynam- 
ic RAMs 

Outputs directly drive up to 88 DRAMs, with a guaran- 
teed worst-case undershoot 

Highest-order two address bits select one of four banks 
of RAMs 


@ Separate output enable for multi-channel access to 
memory 

@ Supports scrubbing operations and nibble-mode access 

@ iMOxX™™ ' 


processing 


GENERAL DESCRIPTION 


The Am29368 Dynamic Memory Controller (DMC) is intend- 
ed to be used with today's high-performance memory 
systems. The DMC will act as the address controller 
between any processor and dynamic memory array, using 
its two 10-bit address latches to hold the Row and Column 
addresses for any DRAM up to 1M-bit. These latches, and 
the two Row/Column refresh address counters, feed into a 
10-bit, 4-input MUX for output to the dynamic RAM address 
lines. A 2-bit bank select latch for the two high-order 
address bits is provided to select one each of the four 


RASN and CAS, outputs. 


The Am29368 has two basic modes of operation, read/ 
write and refresh. In refresh mode, the two counters cycle 
through the refresh addresses. If memory scrubbing is not 
being implemented, only the Row Counter is used, generat- 
ing up to 1024 addresses to refresh a 1024-cycle-refresh 
1M-bit DRAM. When memory scrubbing is being performed, 
both the Row and Column counters are used to perform 
read-modify-write cycles. In this mode all RASj outputs will 
be active while only one CASw is active at a time. The 
Am29368 is available in a 52-pin dual in-line package. 


BLOCK DIAGRAM 
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Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


Am2960-70 Memory Support Family 


System Overview 


INTRODUCTION 


Memory system designs are increasingly shaped by three 
requirements: 


1. Higher system performance 
2. More memory capacity in less space 
3. Increased reliability 


The Am2960-70 Memory Support Family is a family of LSI 
building blocks which excels in satisfying these three 
requirements and provides a complete systems solution for 
designs using 64K or 256K DRAMs. The family members 
include: 


Am2960 Error Detection and Correction Unit 
Am2961/62 EDC Bus Buffers 

Am2964B Dynamic Memory Controller (64K DRAM 
Version) 

Am2965/66 Dynamic RAM Drivers 

Am2968 Dynamic Memory Controller (256K DRAM 
Version) 

Am2969 Timing Controller 

Am2970 Timing Controller 

Am8163/67 System and Timing Controller for MOS 
MPUs 


These are general purpose products. They will support any 
supplier's DRAMs and will work with any processor type: 
8086, 80186, 80286, 68000, Z8000, and Am2900 proces- 
sors. They may also be used to support word widths of any 
size from 8 bits to 64 bits. 


Figure 1 shows the system interconnection for a typical 
memory system for 256K DRAMs, and Figure 2 shows the 
system interconnection for a typical memory system using 
64K DRAMs. In both cases, the memory support subsys- 
tem interfaces to the System Data Bus, Address Bus, and 
control signals. Also, in both cases all, or almost all, of the 
memory support functions are handled by AMD LSI de- 
vices. This simplifies the design of the memory system and, 
more importantly, allows the board space available for 
DRAMs to be maximized because the LSI solution for 
control and error correction is very compact. 


ERROR DETECTION AND CORRECTION 


It is important that memory systems function reliably. The 
number of bytes of storage is increasing rapidly in memory 
systems at the same time that the density of the MOS 
DRAMs is growing. With 64K and 256K DRAMs, alpha 
particle sensitivity is much greater than that of smaller 
DRAMs because of the reduced size of the memory cells 
and the smaller stored charge of the cell. A Technical 
Report follows the Am2960 data sheet in this section and is 


entitled ''Am2960 Boosts Memory Reliability." This techni- 


cal report gives some statistics on soft error rates for 
DRAMs. it also demonstrates the dramatic increase in 
memory reliability gained from the use of Hamming Code 
Error Detection and Correction schemes, such as those 
used by the Am2960 EDC (Error Detection and Correction) 
unit. 


Data interface between the dynamic memories, the 
Am2960 EDC chip, and the system data bus is accom- 


IMOX is a trademark of Advanced Micro Devices, Inc. 


plished by means of the Am2961/62 bus buffers. Figure 3 
depicts the architecture of these devices along with a 
simplified block diagram of the Am2960. The Am2961 is 
inverting between the system data bus and the EDC bus 
while the Am2962 is noninverting. As shown in Figure 3, the 
Am2961 and Am2962 contain two internal latches, a 
multiplexer, and a RAM driver output buffer. 


These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (Bl) 
latch is used predominantly in byte WRITE operations, so 
that an incoming byte from the system data bus can be 
stored while the memory is being read, and any necessary 
correction made in the bytes not being changed. The bus- 
output (BO) latch is used predominantly for storing the 
output data if the processor is in the single-step mode. In 
the single-step mode it is necessary to hold the output data 
on the system data bus, but the memory must be released 
for refresh. 


The Am2960 Error Detection and Correction Unit contains 
all the logic necessary to generate check bits on a 16-bit 
data field according to a modified Hamming code and to 
correct the data word when check bits are supplied. 
Operating on the data read from memory, the Am2960 will 
correct any single-bit error and will detect all double- and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 
words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome bits 
available on separate outputs for data logging. 


The Am2960 also features two diagnostic modes in which 
diagnostic data can be forced into portions of the device to 
simplify device testing and to execute system diagnostic 
functions. 


The 16-bit Diagnostic Latch is loadable from the bidirection- 
al data lines under control of the Diagnostic Latch Enable, 
LE DIAG. It contains check bit information in one byte and 
control information in the other, and is used for driving the 
device when in the Internal Control mode, or for supplying 
check bits when in one of the Diagnostic modes. 


The control logic determines the specific operating mode. 
Normally the control logic is driven by external control 
inputs; however, in the Internal Control mode, the control 
signals are instead read from the Diagnostic Latch. 


The Am2960 is a very fast EDC device, but even faster 
versions will soon be available. A speed selected version, 
the Am2960-1, is described in the Am2960 data sheet, and 
an IMOX™ version, the Am2960A, will be available by late 
1984. All speed-improved versions have identical functions 
and are electrically plug-compatible with the current 
Am2960. 


MEMORY SYSTEM CONTROL AND TIMING 


Two Dynamic Memory Controllers are available for generat- 
ing address, RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which 
each device can handle up to four banks for a total control 
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Figure 4. Am2960 Block Diagram 
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System Overview 
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Am2960-70 Memory Support 


Both of these devices will interface easily to iAPX86/186, 
Z8000, or 68000 microprocessors. The Am8163 and Am8167 
provide the control signals and timing signals for the memory 
controllers, the EDC, and the data bus buffers — in addition, the 
Am8163/67 decode the memory system control signals direct- 
ly from the MOS Microprocessor, requiring in most cases only 
a few gates and at most a single PAL™ for interfacing. In this 
section are detailed block diagrams of systems showing how 
to interface the Am2960-70 Family devices to the most 
popular MOS microprocessors. 


For high-performance Am2900-based processors or other 
high-speed processor designs, use the Am2969 or Am2970 to 
generate timing and control signals. 


Following is a description of the function of the Am2964B/65/ 
66 for Dynamic Memory Control for 64K DRAMs. The Am2968 
incorporates these features and more into a single IC for use 
with 256K DRAMs. 


The Am2964B Dynamic Memory Controller is used to provide 
all address handling, as well as RAS and CAS decoding and 
control. A block diagram of the Am2964B Dynamic Memory 
Controller is shown in Figure 5. The device contains 18 input 
latches for capturing an 18-bit address for memory control; the 
two highest order addresses are decoded in the Am2964B to 
select one of four banks of RAM by selecting one of the four 
RAS outputs. 


The Am2964B is designed to operate with either 16K Dynamic 


- RAMs or 64K Dynamic RAMs. Thus, the designer either uses 


14 of the multiplexer address inputs and 7 of the address 
outputs or all 16 of the multiplexer address inputs and all 8 of 
the address outputs as needed by the memory. In the case of 
16K Dynamic RAMs, 7 address inputs are provided to the 
RAM during the RAS LOW signal, and then the 8-bit multiplex- 
er is switched so that 7 upper address bits are provided to the 
RAM for the CAS LOW part of the cycle. The Am2964B 


MSEL 


_ 
A, 


PAL is a trademark of Monolithic Memories, Inc. 


Figure 5. Am2964B Dynamic Memory Controller 


Dynamic Memory Controller contains an 8-bit refresh counter 
that is used to supply the refresh address to the dynamic 
memory during the refresh cycle. This counter can be used in 
either the 128 or 256 line refresh mode. A CAS buffer is 
included in the dynamic memory controller so that the CAS 
output can be inhibited during refresh. 


Normal operation of the Dynamic Memory Controller is to 
provide the address, close the input address latches and kick 
off a normal memory cycle. This is accomplished by bringing 
the RASI input LOW, which will cause one of the RAS outputs _ 
to go LOW. After the required RAS hold time, the MSEL input 
will be used to switch the multiplexer to the other address 
latch. Then the CASI input will be driven LOW, causing the 
CASO output to go LOW and execute the CAS part of the 
memory cycle. The refresh cycle is executed by driving the 
RFSH input LOW, which causes the multiplexer to connect the 
refresh counter to its address outputs. Then the RASI input is 
driven LOW, which causes all four RAS outputs to go LOW. 
This will simultaneously refresh all four banks of dynamic 
RAMs controlled by the Am2964B Dynamic Memory Control- 
ler. When either the RFSH or RAS! input is brought HIGH, the 
refresh counter is advanced so it will be ready for the next 
refresh cycle. 


As can be seen in Figure 1, Dynamic RAM Drivers can be used 
in large memory systems to buffer the Address, RAS, CAS and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin-compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically designed for 
driving dynamic RAMs and feature high capacitance drive, 
guaranteed maximum undershoot of less than —0.5 volts, and 
high Voy of greater than Vcc = 1.15 volts. The Am2965 is 
inverting and the Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and maximum tpp specifications for both 50pF and 500pF 
loads. 
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16-Bit Error Detection and Correction Unit 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


@ Boosts Memory Reliability 

Corrects all single-bit errors. Detects all double and 

some triple-bit errors. Reliability of dynamic RAM 

systems is increased more than 60-fold. 

Very High Speed 

Perfect for MOS microprocessor, minicomputer, and 

main-frame systems. 

- Data in to error detect: 32ns worst case. 

- Data in to corrected data out: 65ns worst case. 
High performance systems can use the Am2960 EDC 
in check-only mode to avoid memory system slow- 
down. 


@ Handies Data Words From 8 Bits to 64 Bits 
The Am2960 EDC cascades: 1 EDC for 8 bits or 
16 bits, 2 for 32 bits, 4 for 64 bits. 

Easy Byte Operations 

Separate byte enables on the data out latch simpli- 
fy the steps and cut the time required for byte 
writes. 

Diagnostics Built-in 

The processor may completely exercise the EDC 
under software control to check for proper operation 
of the EDC. 


GENERAL DESCRIPTION 


The Am2960 Error Detection and Correction Unit (EDC) 
contains the logic necessary to generate check bits on a 
16-bit data field according to a modified Hamming Code, 
and to correct the data word when check bits are supplied. 
Operating on data read from memory, the Am2960 will 
correct any single-bit error and will detect all double and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 


words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome avail- 
able on separate outputs for data logging. 


The Am2960 also features two diagnostic modes, in which 
diagnostic data canbe forced into portions of the chip to 
simplify device testing and to execute system diagnostic 
functions. The product is supplied in a 48 lead hermetic DIP 
package. 


BLOCK DIAGRAM 
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DIE SIZE: 0.200” x 0.183” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2960 D Cc B Valid Combinations 


Li Screening Option 
Blank - Standard processing Am2960 
B - Burn-in Am2960A 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 48-pin CERDIP (D-48-2) 

X- Dice Valid Combinations. 
Device type Consult the AMD sales office in your area to 
Cascadable 16-Bit Error Detection determine if a device is currently available in the 
and Correction Unit | combination you wish. 
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PIN DESCRIPTION 


[Pin No. [Name | 1/0 | Description iia 
ee DATAg - 15 16 bidirectional data lines. They provide input to the Data Input Latch and Diagnostic Latch, and receive output from 


the Data Output Latch. DATAg is the least significant bit; DATA;5 the most significant. 


Seven Check Bit input lines. The check bit lines are used to input check bits for error detection. Also used to input 
syndrome bits for error correction in 32 and 64-bit configurations. 


Latch Enable - Data Input Latch. Controls latching of the input data. When HIGH, the Data Input Latch and Check Bit 
Input Latch follow the input data and input check bits. When LOW, the Data Input Latch and Check Bit Input Latch are 
latched to their previous state. 


Generate Check Bits input. When this input is LOW, the EDC is in the Check Bit Generate Mode. When HIGH, the 
EDC is in the Detect Mode or Correct Mode. : 

In the Generate Mode the circuit generates the check bits or partial check bits specific to the data in the Data Input 
Latch. The generated check bits are placed on the SC outputs. 

In the Detect or Correct Modes the EDC detects single and multiple errors, and generates syndrome bits based upon 
the contents of the Data Input Latch and Check Bit Input Latch. In Correct Mode, single-bit errors are also 
automatically corrected — corrected data is placed at the inputs of the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded form the number of errors and the bit-in-error. 


Syndrome/Check Bit outputs. These seven lines hold the check/partial-check bits when the EDC is in Generate 
Mode, and will hold the syndrome/partial syndrome bits when the device is in Detect or Correct Modes. These are 3- 
state outputs. 


Output Enable —- Syndrome/Check Bits. When LOW, the 3-state output lines SCo - ¢ are enabled. When HIGH, the SC 
outputs are in the high impedance state. 


Error Detected output. When the EDC is in Detect or Correct Mode, this output will go LOW if one or more syndrome 
bits are asserted, meaning there are one or more bit errors in the data or check bits. If no syndrome bits are asserted, 
there are no errors detected and the output will be HIGH. In Generate Mode, ERROR is forced HIGH. (In a 64-bit 
configuration, must be externally implemented.) " 


Multiple Errors Detected output. When the EDC is in Detect or Correct Mode, this output if LOW indicates that there 
are two or more bit errors that have been detected. If HIGH, this indicates that either one or no errors have been 
detected. In Generate mode, MULT ERROR is forced HIGH. (In a 64-bit configuration, MULT ERROR must be 
externally implemented.) 


Correct input. When HIGH, this signal allows the correction network to correct any single-bit error in the Data Input 
Latch (by complementing the bit-in-error) before putting it into the Data Output Latch. When LOW, the EDC will drive 
data directly from the Data Input Latch to the Data Output Latch without correction. 


Latch Enable - Data Output Latch. Controls the latching of the Data Output Latch. When LOW, the Data Output Latch 
is latched to its previous state. When HIGH, the Data Output Latch follows the output of the Data Input Latch as 
modified by the correction logic network. In Correct Mode, single-bit errors are corrected by the network before 
loading into the Data Output Latch. In Detect Mode, the contents of the Data Input Latch are passed through the 
correction network unchanged into the Data Output Latch. The inputs to the Data Output Latch are unspecified if the 
EDC is in Generate Mode. 


Output Enable - Bytes 0 and 1, Data Output Latch. These lines control the 3-state outputs for each of the two bytes of 
the Data Output Latch. When LOW, these lines enable the Data Output Latch, and when HIGH these lines force the 


“ e 
8, 18 OE 

BYTE 0, 

OE Data Output Latch into the high impedance state. The two enable lines can be separately activated to enable only one 
BYTE 1 byte of the Data Output Latch at a time. 


PASS Pass Thru input. This line when HIGH forces the contents of the Check Bit Input Latch onto the Syndrome/Check Bit 
THRU outputs (SCo — g) and the unmodified contents of the Data Input Latch onto the inputs of the Data Output Latch. 


DIAG oe Diagnostic Mode Select. These two lines control the initialization and diagnostic operation of the EDC. 
MODE - + 
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Code Identification inputs. These three bits identify the size of the total data word to be processed and which 16-bit 
slice of larger data words a particular EDC is processing. The three allowable data word sizes are 16, 32 and 64 bits 
and their respective modified Hamming codes are designated 16/22, 32/39 and 64/72. Special CODE ID input 001 
(ID2, D4, IDp) is also used to instruct the EDC that the signals CODE !Dp - 2, DIAG MODE - 1, CORRECT and PASS 
THRU are to be taken from the Diagnostic Latch, rather than from the input control lines. 


Latch Enable - Diagnostic Latch. When HIGH, the Diagnostic Latch follows the 16-bit data on the input lines. When 
LOW, the outputs of the Diagnostic Latch are latched to their previous states. The Diagnostic Latch holds diagnostic 
check bits, and internal control signals for CODE IDg-2, DIAG MODE 9-1, CORRECT and PASS THRU. 
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Am2960/Am2960A 


EDC Architecture 


The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error detection, error correction and 
diagnostics. 


As shown in the block diagram, the device consists of the 
following: 


- Data Input Latch 

- Check Bit Input Latch 

- Check Bit Generation Logic 
- Syndrome Generation Logic 
- Error Detection Logic 

- Error Correction Logic 

- Data Output Latch 

- Diagnostic Latch 

- Control Logic 


Data Input Latch 


16 bits of data are loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on 
the control mode, the input data is either used for check bit 
generation or error detection/correction. 


Check Bit Input Latch 


Seven check bits are loaded under control of LE IN. Check 
bits are used in the Error Detection and Error Correction 
modes. 


Check Bit Generation Logic 


This block generates the appropriate check bits for the 16 bits 
of data in the Data Input Latch. The check bits are generated 
according to a modified Hamming code. 


Syndrome Generation Logic 


In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read 
in from memory. If both sets of check bits match, then there 
are no errors. If there is a mismatch, then one or more of the 
data or check bits is in error. 


The syndrome bits are produced by an exclusive-OR of the 
two sets of check bits. If the two sets of check bits are 
identical (meaning there are no errors) the syndrome bits will 
be all zeroes. If there are errors, the syndrome bits can be 


decoded to determine the number of errors and the bit-in- 
error. 


Error Detection Logic 


This section decodes the syndrome bits generated by the 
Syndrome Generation Logic. If there are no errors in either the 
input data or check bits, the ERROR and MULT ERROR 
outputs remain HIGH. If one or more errors are detected, 
ERROR goes LOW. If two or more errors are detected, both 
ERROR and MULT ERROR go LOW. 


Error Correction Logic 


For single errors, the Error Correction Logic complements 
(corrects) the single data bit in error. This corrected data is 
loadable into the Data Output Latch, which can then be read 


_ onto the bidirectional data lines. If the single error is one of the 


4-8 


check bits, the correction logic ‘does not place corrected 
check bits on the syndrome/check bit outputs. If the corrected 
check bits are needed, the EDC must be switched to Generate 
Mode. 


Data Output Latch 


The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control 
input. . 


The Data Output Latch is split into two 8-bit (byte) latches 
which may be enabled independently for reading onto the 
bidirectional data lines. 


Diagnostic Latch 


This is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte 
and control information in the other byte. The Diagnostic Latch 
is used for driving the device when in Internal Control Mode, or 
for supplying check bits when in one of the Diagnostic Modes. 


Control Logic 


The control logic determines the specific mode the device 
operates in. Normally the control logic is driven by external 
control inputs. However, in Internal Control Mode, the control 
signals are instead read from the Diagnostic Latch. 
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DETAILED DESCRIPTION 


The EDC contains the logic necessary to generate check bits 
on a 16-bit data field according to a modified Hamming code. 
Operating on data read from memory, the EDC will correct any 
single-bit error, and will detect all double and some triple-bit 
errors. The Am2960 may be configured to operate on 16-bit 
data words (with 6 check bits), 32-bit data words (with 7 check 
bits) and 64-bit data words (with 8 check bits). In fact the EDC 
can be configured to work on data words from 8 to 64 bits. In 
all configurations, the device makes the error syndrome bits 
available on separate outputs for error data logging. 


Code and Byte Specification 


The EDC may be configured in several different ways and 
operates differently in each configuration. It is necessary to 
indicate to the device what size data word is involved and 
which bytes of the data word it is processing. This is done with 
input lines CODE |IDo.2, as shown in Table |. The three 
modified Hamming codes referred to in Table | are: 
@® 16/22 - 16 data bits 
- 6 check bits 
- 22 bits in total. 
@ 32/39 code - 32 data bits 

- 7 check bits 

- 39 bits in total. 
@ 64/72 code - 64 data bits 

- 8 check bits 

- 72 bits in total. 


CODE ID input 001 (IDo, 1D1, IDo) is a special code used to 
operate the device in Internal Control Mode (described later in 
this section). 


Control Mode Selection 


The device control lines are GENERATE, CORRECT, PASS 
THRU, DIAG MODEp.; and CODE IDpo.2. Table III indicates 
the operating modes selected by various combinations of the 
control line inputs. 


Diagnostics 


Table Il shows specifically how DIAG MODEpo.; select be- 
tween normal operation, initialization, and one of two diagnos- 
tic modes. 


The Diagnostic Modes allow the user to operate the EDC 
under software control in order to verify proper functioning of 
the device. 


Check and Syndrome Bit Labeling 


The check bits generated in the EDC are designated as 
follows: 

@ 16-bit configuration - CX CO, C1, C2, C4, C8; 

@ 32-bit configuration - CX, CO, C1, C2, C4, C8, C16; 

@ 64-bit configuration - CX, CO, Ci, C2, C4, C8, C16, C32. 


Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits, 
and 8 syndrome bits in the 64-bit configuration. 


Initialize Mode 


The inputs of the Data Output Latch are forced to zeroes. The 
check bit outputs (SC) are generated to correspond to the aill- 
zero data. ERROR and MULT ERROR are forced HIGH in the 
Initialize Mode. 


Initialize Mode is useful after power up when RAM contents 
are random. The EDC may be placed in initialize mode and its' 
outputs written in to all memory locations by the processor. 


TABLE |. HAMMING CODE AND SLICE IDENTIFICATION. 


CODE 
= Hamming Code and Slice Selected 


Code 16/22 

Internal Control Mode 
Code 32/39, Bytes 0 and 1 
Code 32/39, Bytes 2 and 3 
Code 64/72, Bytes 0 and 1 
Code 64/72, Bytes 2 and 3 
Code 64/72, Bytes 4 and 5 
Code 64/72, Bytes 6 and 7 


—~ otc tl tO OO OO 
==—-0O00--00 


=-O- O = O + O 


TABLE Ii. DIAGNOSTIC MODE CONTROL. 


DIAG DIAG 
MODE, MODE) Diagnostic Mode Selected 


Se pees Ok ee Non-diagnostic mode. The EDC functions normally in all modes. 


Diagnostic Generate. The contents of the Diagnostic Latch are substituted for the normally 
generated check bits when in the Generate Mode. The EDC functions normally in the Detect or | 
Correct modes. 


Diagnostic Detect/Correct. In the Detect or Correct Mode, the contents of the Diagnostic Latch 
are substituted for the check bits normally read from the Check Bit Input Latch. The EDC 
functions normally in the Generate Mode. 


Initialize. The outputs of the Data Input Latch are forced to zeroes (and latched upon removal of 
the Initialize Mode) and the check bits generated correspond to the all-zero data. 
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HAMMING CODE SELECTION 


The Am2960 EDC uses a modified Hamming Code that allows 
1. the EDC to be cascaded, 2. all double errors to be detected, 
3. the gross error conditions of all Os or 1s to be detected. 


The error correction code can be selected independent of the 
processor with the exception of diagnostics software. 


Diagnostic software run by a processor to check out the EDC 
system must know specifically which code is being used. This 


is only a problem when the EDC replaces an existing MSI 
implementation on an existing computer. In this case, the 
computer's software must first determine which of two codes 
(the old one used by the MSI implementation or the new one 
used by the EDC) is used by the computer's memory system. 


This is easily determined by writing a test data word into 
memory and then examining whether the generated check bits 
are typical of the old or the new code. From then on the 
software runs only the diagnostic appropriate for the code 
used on that particular computer's memory system. 


TABLE Ill. Am2960 OPERATING MODES 


Diagnostic 
Generate 


Diagnostic 
Correct* 


*Correct if the CORRECT Input is HIGH, Detect if the CORRECT 


Input is LOW. 


**In Code ID2.9001(ID2, 1D, Do) DM; and DMo are taken from the 


Diagnostic Latch. 


16-BIT DATA WORD CONFIGURATION 


The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 5.) 


The 16-bit configuration is shown in Figure 6. 


Generate Mode 


In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat- 
ed are placed on the outputs SCo.5 (SC¢ is a logical one, or 
high). 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table IV. Each check bit is generated as either an 
XOR or XNOR of eight of the 16 data bits as indicated in the 
table. The XOR function results in an even parity check bit, the 
XNOR is an odd parity check bit. 


Figure 1 shows the data flow in the Generate Mode. 


Detect Mode 


In this mode the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors and some triple-bit 
errors. If one or more errors are detected, ERROR goes LOW. 
If two or more errors are detected, MULT ERROR goes LOW. 
Both error indicators are HIGH if there are no errors. 


‘Also available on device outputs SCo.5 are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. 
Table V gives the chart for decoding the syndrome bits 
generated by the 16-bit configuration (as an example, if the 
syndrome bits SX/S0/S1/S2/S4/S8 were 101001, this would 
be decoded to indicate that there is a single-bit error at data bit 
9). If no error is detected, the syndrome bits will all be zeroes. 
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In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
correction. 


Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. (See 
Figure 2.) If multiple errors are detected, the output of the 
correction network is unspecified. If the single-bit error is a 
check bit, there is no automatic correction. If check bit 
correction is desired, this can be done by placing the device in 
Generate Mode to produce a correct check bit sequence for 
the data in the Data Input Latch. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of the Check Bit Input Latch are placed on outputs 
SCo.5. ERROR and MULT ERROR are forced HIGH in this 
mode. 


Diagnostic Latch 


The Diagnostic Latch serves both for diagnostic uses and 
internal control uses. It is loaded from the DATA lines under 
the control of LE DIAG. Table VI shows the loading definitions 
for the DATA lines. 


Diagnostic Generate 

Diagnostic Detect 

Diagnostic Correct 

These are special diagnostic modes selected by DIAG 


MODEp.; where either normal check bit inputs or outputs are 
substituted for by check bits loaded into the Diagnostic Latch 
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(see Table Ill for details). Figures 3 and 4 illustrate the flow of When in Internal Control Mode, the EDC takes the CODE 


data during the two diagnostic modes. IDg.2, DIAG MODEp.1, CORRECT and PASS THRU control 
signals from the internal Diagnostic Latch rather than from the 
internal Control Mode external input lines. 


This mode is selected by CODE IDp-2 input 001 (IDo, ID;, IDo). Table VI gives the format for loading the Diagnostic Latch. 


LE OUT 
OE BYTE O 


CBog 
(CHECK BITS) 
OATAg, KS 
DATAg 1s K 2 


O€ BYTE 1 


LE DIAG 


CODE 10 
DIAG MODE 
PASS THRU 
GENERATE 
CORRECT 


VOUUY VY 
° 
z 
P] 
2 


DF000280 


Figure 1. Check Bit Generation 


LE O1AG 


oe 

cope 10 LS 
o1aG move [> 
Pass THRU [> 
GENERATE [> 
correct [> 


CONTROL 
LOGIC 


DF000280 


Figure 2. Error Detection and Correction 
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LE OUT 
OE BYTE 0 


CBog 
(CHECK BITS) 


OATAg, KS 
DATAg is K 


O€ BYTE 1 


LE DIAG 


CODE 10 
DIAG MODE 
PASS THRU 
GENERATE 

CORRECT 
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Figure 4. Diagnostic Detect and Correct 
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CHECK BITS 


5 817 0 


DF000220 


Uses Modified Hamming Code 16/22 
- 16 data bits 
- 6 check bits 


- 22 bits in total 


SYNDROME/CHECK BIT OUTPUTS 
FOR 16-BIT CONFIGURATION 


DF000210 


Figure 5. 16-Bit Data Format ; Figure 6. 16-Bit Configuration 


SYNDROME DECODE 
TO BIT-IN-ERROR 
8-BIT MODE 


Syndrome 
Bits 


* — no errors detected 
TM — two or more errors 
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TABLE IV. 16-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART 


Generated 
Check Bits 


Parity 


Participating Data Bits 


ee ee ae es oe 
Siar eeteome tee pkey at aoe 


Fo SS = Fm HOE 
Sarak oes SSC ed ae Ss GR 
SSESE ESE hoc es a es 
Eee eof | ik x x [x x x 


The check bit is generated as either an XOR or XNOR of the eight data bits noted by an ''X"' in the table. 


TABLE V. 
SYNDROME DECODE TO BIT-IN-ERROR 


cont pole to rp r pw 
SS RA hl a a 
P40 ton inifsTafp@e] Mn ]iT pMeT | Tht 
put Oa 
eae ee CC 


* — no errors detected 

Number - location of the single bit-in-error 
T - two errors detected 

M —- three or more errors detected 


32-BIT DATA WORD CONFIGURATION 


The 32-bit format consists of 32 data bits and 7 check bits and 
is referred to as 32/39 code (see Figure 7). 


The 32-bit configuration is shown in Figure 8. 


The upper EDC (Slice 0/1) handles the least significant bytes 
0 and 1 -— the external DATA lines 0 to 15 are connected to the 
same numbered inputs of the upper device. The lower EDC 
(Slice 2/3) handles the most significant bytes 2 and 3—the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATA through DATA}s5 respectively. 


The valid syndrome and check bit outputs are those of Slice 
2/3 as shown in the diagram. In Correct Mode these must be 
read into Slice 0/1 via the CB inputs and are selected by the 
MUX as inputs to the bit-in-error decoder (see block diagram). 
This requires external buffering and output enabling of the 
check bit lines, as shown. The OE SC signal can be used to 
control enabling of check bit inputs - when syndrome outputs 
are enabled, the external check bit inputs will be disabled. 


The valid ERROR and MULT ERROR outputs are those of the 
Slice 2/3. The ERROR and MULT ERROR outputs of Slice 0/ 
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TABLE VI. 
DIAGNOSTIC LATCH LOADING - 
16-BIT FORMAT 


0 | Diagnose Check 
[a Binartc Check Bi 


1 are unspecified. All of the latch enables and control signals 
must be input to both of the devices. 


Generate Mode 


In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat- 
ed are placed on the outputs SCo-.¢ of Slice 2/3. 


Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table X. Check bits are generated as either an 
XOR or XNOR of 16 of the 32 data bits as indicated in the 
table. The XOR function results in an even parity check bit, the 
XNOR in an odd parity check bit. 


Detect Mode 


In this mode, the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors, and some triple-bit 
errors. If one or more errors are detected, ERROR goes LOW. 
If two or more errors are detected, MULT ERROR goes LOW. 
Both error indicators are HIGH if there are no errors. The valid 


03565C 


Refer to Page 13-1 for Essential Information on Military Devices 


vos6cwy /o96zwiy 


Am2960/Am2960A 


ERROR and MULT ERROR signals are those of Slice 2/ 
3-those of Slice 0/1 are undefined. 


Also available on Slice 2/3 outputs SCo.¢ are the syndrome 
bits generated by the error detection step. The syndrome bits 
may be decoded to determine if a bit error was detected and, 
for single-bit errors, which of the data or check bits is in error. 
Table Vil gives the chart for decoding the syndrome bits 
generated for the 32-bit configuration (as an example, if the 
syndrome bits SX/S0/S1/S2/S4/S8/S16 were 0010011, this 
would be decoded to indicate that there is a single-bit error at 
data bit 25). If no error is detected, the syndrome bits will be all 
zeroes. 


In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
corrections. 


Correct Mode 


in this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. If 
multiple errors are detected, the output of the correction 
network is unspecified. If the single-bit error is a check bit, 
there is no automatic correction; if desired, this would be done 
by placing the device in Generate Mode to produce a correct 
check bit sequence for the data in the Data Input Latch. 


For data correction, both Slices 0/1 and 2/3 require access to 
the syndrome bits on Slice 2/3's outputs SCo.g. Slice 2/3 has 
access to these syndrome bits through internal data paths, but 
for Slice 0/1 they must be read through the inputs CBg.g. The 


device connections for this are shown in Figure 8. When in 
Correct Mode, the SC outputs must be enabled so that they 
are available for reading in through the CB inputs. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output latch, and the 
contents of the Check Bit Input Latch are placed on outputs 
SCo.¢ of Slice 2/3. ERROR and MULT ERROR are forced 
HIGH in this mode. 


DATA 


1) 24 


TABLE Vil. 
SYNDROME DECODE TO BIT-IN-ERROR 


Syndrome 
Bits 


* — no errors detected 

Number — number of the single bit-in-error 
T — two errors detected 

M — three or more errors detected 


CHECK BITS 
817 0 


23 


DF000460 


Figure 7. 32-Bit Data Format 
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INPUT DATA INPUT CHECK BITS 


pe SSE grew eres 
DATA;.3, DATAd1s cx co “C1 C2 Cs cre 


YY yy 
BD ey OR RS GER Gam BS 
SARL CARS LANE RA SA 


EDC 
BYTES 0 AND 1 


SC2 SC; 


DATA CB) CB, CB, CB; CB, CB, 


Eoc* 
BYTES 2 and 3 


ERROR MULTI SX/CX SO/CO S1/C1 S2/C2 S4/C4 SB/CB S16/C16 
ERROR 
OUTPUT SYNOROME/CHECK BITS 


DF000110 
*Check Bit Latch is Forced Transparent in this Code ID Combination for this Slice. 


Figure 8. 32-Bit Configuration 


TABLE Viil. 
KEY AC CALCULATIONS FOR THE 32-BIT CONFIGURATION 


32-Bit 
Propagation Delay Component Delay from Am2960 


AC Specifications, Table C 


prom | Yo 1, | 
DATA Check Bits (Data to SC) + (CB to SC, CODE ID 011) 
Out ; 
DATA In Corrected (DATA to SC) + (CB to SC, CODE ID 011) + 
DATA Out (CB to DATA, CODE ID 010) 


DATA eee (DATA to SC) + (CB to SC, CODE ID 011) 
ERROR (DATA to SC) + (CB to ERROR, 
for 32 Bits CODE ID 011) 

pata | MULT ERROR | (DATA to SC) + (CB to MULT ERROR 
for 32 Bits CODE ID 011) 
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TABLE IX. 
DIAGNOSTIC LATCH LOADING - 32-BIT FORMAT 


Diagnostic Check Bit 2 
Diagnostic Check Bit 4 
Diagnostic Check Bit 8 
Diagnostic Check Bit 16 
Don't Care 

Slice 0/1 - CODE ID 0 
Slice 0/1 - CODE ID 1 
Slice 0/1 - CODE ID 2 
Slice 0/1 - DIAG MODE 0 
Slice 0/1 - DIAG MODE 1 


[44 | Ste 074 = PASS THRU 
i LL totems 
[| See 2/9 = CODE IDO 
eee 
[26 | Ste 2/8 = CODE D2 
[20 | Stoo 2/8 = DIAG MODE 1 
[2 | Slee 2/0= CORRECT 
[20 | Ste 2/8 = PASS THRU 


TABLE X. : 
32-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART 


Generated Participating Data Bits 
Check 


x ee ee 
[ven OR) | x Monee Bic e7 


aakegrod 
Even (XOR) eS 
pees 


/ 


Check 

Bits Parity | 46 17 16 19] 20 21 22 29 | 24 25 26 27 | 26 20 3091 | 
[CORE af even ORM PRX [MAG ACERS |X as | 
CO | eee Moe RE ie 
ee lee]. i ee 


The check bit is generated as either an XOR or XNOR of the sixteen data bits noted 
by an '"'X" in the table. 


03565C 


4-18 Refer to Page 13-1 for Essential Information on Military Devices 


64-BIT DATA WORD CONFIGURATION 


The 64-bit format consists of 64 data bits, 8 check bits and is 
referred to as 64/72 code (see Figure 9.). 


The configuration to process 64-bit format is shown in Figure 
6. In this configuration, a portion of the syndrome generation 
and error detection is implemented externally of the EDCs in 
MSI. For error correction, the syndrome bits generated must 
be read back into all four EDCs through the CB inputs. This 
necessitates the check bit buffering shown in the connection 
diagram of Figure 10. The OE SC signal can control the check 
bit enabling; when syndrome bit outputs are enabled, the 
external check bit lines will be disabled so that the syndrome 
bits may be read onto the CB inputs. 


The error detection signals for the 64-bit configuration differ 
from the 16- and 32-bit configurations. The ERROR signal 
functions the same: it is LOW if one or more errors are 
detected, and HIGH if no errors are detected. The DOUBLE 
ERROR signal is HIGH if and only if a double-bit error is 
detected; it is LOW otherwise. All of the MULT ERROR 
outputs of the four devices are valid. MULT ERROR is LOW 
for all three ERROR cases and some DOUBLE ERROR 
combinations. (See TOME definition in Functional Equations 
section.) It is HIGH if either zero or one errors are detected. 


This is a different meaning for MULT ERROR than in other 
configurations. 


Generate Mode 


In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat- 
ed appear at the outputs of the XOR gates as indicated in 
Figure 10. 


Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table XII. Check bits are generated as either an 
XOR or XNOR of 32 of the 64 bits as indicated in the table. 
The XOR function results in an even parity check bit, the 
XNOR in an odd parity check bit. 


Detect Mode 


In this mode, the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors and some triple-bit 
errors. If one or more errors are detected, ERROR goes LOW. 
lf exactly two errors are detected, DOUBLE ERROR goes 
HIGH. If three or more errors are detected, MULT ERROR 
goes LOW - the MULT ERROR output of any of the four EDCs 
may be used. 


Available as XOR gate outputs are the generated syndrome 
bits (see Figure 10). The syndrome bits may be decoded to 
determine if a bit error was detected and, for single-bit errors, 
which of the data or check bits is in error. Table XIll gives the 
chart for encoding the syndrome bits generated for the 64-bit 
configuration (as an example, if the syndrome bits SX/S1/S2/ 
$4/S8/S16/S32 were 00100101, this would be decoded to 


DATA 


3 48 | 47 


32131 16115 


indicate that there is a single-bit error at data bit 41). If no error 
is detected, the syndrome bits will all be zeroes. 


In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
corrections. 


Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. If 
multiple errors are detected, the output of the correction 
network is unspecified. If the single-bit error is a check bit, 
there is no automatic correction. Check bit correction can be 
done by placing the device in generate mode to produce a 
correct check bit sequence for the data in the Data Input 
Latch. 


To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the 
devices. This access is provided by reading the syndrome bits 
in through the CB inputs, where they are selected as inputs to 
the bit-in-error decoder by the multiplexer (see Block Dia- 
gram). The device connections for this are shown in Figure 10. 
When in Correct Mode, the SC outputs must be enabled so 
that the syndrome bits are available at the CB inputs. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of Check Bit Input Latch are passed through the 
external XOR network and appear inverted at the XOR gate 
outputs labeled CX to C32 (see Figure 10). 


Diagnostic Latch 


The Diagnostic Latch serves both for diagnostic uses and 
internal control uses. It is loaded from the DATA lines under 
the control of LE DIAG. Table XIV shows the loading defini- 
tions for the DATA lines. 


Diagnostic Generate 
Diagnostic Detect 
Diagnostic Correct 


These are special diagnostic modes selected by DIAG 
MODEo.; where either normal check bit inputs or outputs are 
substituted for by check bits from the Diagnostic Latch. See 
Table Il for details. 


internal Control Mode 


This mode is selected by CODE !Dpo.2, input 001 (IDo, 1D;, 
IDo). 


When in Internal Control Mode, the EDC takes the CODE 
IDo-2, DIAG MODEp-.1, CORRECT and PASS THRU signals 
from the internal Diagnostic Latch rather than from the 
external control lines. Table XIV gives format for loading the 
Diagnostic Latch. 


CHECK BITS 


0 


DF000920 


Uses Modified Hamming Code 64/72 


- 64 data bits 


- 8 check bits 


Figure 9. 64-Bit Data Format 


- 72 bits in total 
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: TABLE Xi. 
KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION 


64-Bit 
Propagation Delay 


Component Delays from Am2960 
AC Specifications, Table C (plus MSI) 


DATA Check Bits Out (DATA to SC) + (XOR Delay) 


(DATA to SC) + (XOR Delay) + (Buffer Delay) + 
DATA In Corrected DATA Out (CB to DATA, CODE ID 1xx) 
DATA (DATA to SC) + (XOR Delay) 
DATA ERROR for 64 Bits (DATA to SC) + (XOR Delay) + (NOR Delay) 


DATA to SC) + (XOR Delay) + (Buffer Delay) + 
MULT ERROR ( . 
DATA MULT ERROR for 64 Bits (CB to MULT ERROR, CODE ID 1x 


(DATA to SC) + (XOR Delay) + (XOR/NOR Delay) 


CX 
Co 


Odd (XNOR) | X ae X Ae 
C2 Odd (XNOR) | X X X Melk 
C4 Even (XOR) xX xX 
C8 Even (XOR) 
C16 Even: (XOR) FX xX K 2X pe ee x 
C32 Even{XOR) 1G X) KGCKIK BH OMK 


Generkten Participating Data Bits 
Check Bits Parity |16 17 18 19/20 21 22 23/24 25 26 27|28 29 30 31 
oy Even (XOR) Mois X x Xen X X Xx 
0 Even (XOR) |X xX xX Xx Xx x x x 
C1 Odd (XNOR) | X x | x X x~X Xx X 
C2 Odd (XNOR) |X X x x|x x 
x 
8 


C 
C4 Even (XOR) Xx 
Even (XOR) 


C 


C16 Even (XOR) 
C32 Even (XOR) 
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TABLE Xil. 
64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE (Cont.) 


Generated Participating Data Bits 
Check Bits Parity ae 36 37 38 39140 41 42 431/44 45 46 47 


CX Even (XOR) : Xx : X 

Co Even (XOR) : xX xX 

C1 Odd (XNOR) X | X X X X 

C2 Odd (XNOR) : X X 

C4 Even (XOR). Ba x x X x 

C8 Even (XOR) X X X x Kea oe 

C16 Even (XOR) |X X X X|X X X xX 

C32 Even (XOR) Ma BORRK TMX XAK 


Participating Data Bits 
48 49 50 Shaaorr cera 57 58 59/60 61 62 63 


The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an "'X"' in the table. 


TABLE Xill. SYNDROME DECODE TO BIT-IN-ERROR 


ok 
Mi M[r}o} |r| 2s|s| t | | 3 | Tt | 47] oa] Tt 
Bae S eRe er eee Tee A ee 


EM 

PERRI CC 
Bee 
48 | 


T|t|m {rt ]a2{se{ t[ t[s2{ae] t [om | tt | M 
pse{t{mM{r{r{M[m{r{riM{tiM{M it | 


* — no errors detected T - two errors detected 
Number — the number of the single bit-in-error M — more than two errors detected 


—s 
— 
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Data Bit 


Don't Care 

Slice 2/3 - CODE ID 0 
Slice 2/3 - DIAG MODE 0 
[28 | __Stoe 2/9 = DIAG MODE + _ 
[20 | ‘Ste 2/8 = CORRECT _| 
[30 | Slice 2/6 - PASS THRU 


SYSTEM DESIGN CONSIDERATIONS 


High Performance Parallel Operation 


For maximum memory system performance, the EDC should 
be used in the Check-Only configuration shown in Figure 11. 
With this configuration, the memory system operates as fast 
with EDC as it would without. 


ee 6 


10 
14 
15 


On reads from memory, data is read out from the RAMs 
directly to the data bus (same as in a non-EDC system). At the 
same time, the data is read into the EDC to check for errors. If 
an error exists, the EDC's error flags are used to interrupt the 
CPU and/or to stretch the memory cycle. If no error is 
detected, no slowdown is required. 


If an error is detected, the EDC generates corrected data for 
the processor. At the designer's option the correct data may 
be written back into memory; error logging and diagnostic 
routines may also be run under processor control. 


fast with EDC as without. Only if an error is detected is there 
any slowdown. But even if the memory system had an error 
every hour this would mean only one error every 3-4 billion 
memory cycles. So even with a very high error rate, EDC ina 
Check-Only configuration has essentially zero impact on 
memory system: speed. 


On writes to memory, check bits must be generated before the 
full memory word can be written into memory. But using the 
Am2961/62 Data Bus Buffers allows the data word to be 
buffered on the memory board while check bits are generated. 
This makes the check bit generate time transparent to the 
processor. 


TABLE XIV. DIAGNOSTIC LATCH LOADING - 64-BIT FORMAT 


The Check-Only configuration allows data reads to proceed as : 


Se 
(88 | Diagnostic Check 6 16 | 


PGs MORON 4 Slice 4/5 - CODE ID 0 
Slice 4/5 - CODE ID 1 
Slice 4/5 - CODE ID 2 
Slice 4/5 - DIAG MODE 0° 


Slice 4/5 - DIAG MODE 1 


[55 | Diagnostic Check 6 32 
[56 | Slee 6/7 = CODE D0 
[ss | Stee 6/7 = CODE D2 
[59 [See 6/7 = DIAG MODE 0 
ce 
eu es 
oa ee 
SS ee 


EDC in the Data Path 


The simplest configuration for EDC is to have the EDC directly 
in the data path, as shown in Figure 12 (Correct-Always 
Configuration). In this configuration, data read from memory is 
always corrected prior to putting the data on the data bus. The 
advantages are simpler operation and no need for mid-cycle 
interrupts. The disadvantage is that memory system speed is 
slowed by the amount of time it takes for error correction on 
every cycle. 


Usually the Correct-Always Configuration will be used with 
MOS microprocessors which have ample memory timing 
budgets. Most high performance processors will use the high 
performance parallel configuration shown in Figure 11 (Check- 
Only Configuration). 


Scrubbing Avoids Double Errors 


Single-bit errors are by far the most common in a memory 
system, and are always correctable by the EDC. 


Double-bit memory errors are far less frequent than single-bit 
(50 to 1, or 100 to 1) and are always detected by the EDC, but 
not corrected. 


In a memory system, soft errors occur only one at a time. A 
double-bit error in a data word occurs when a single soft error 
is left uncorrected and is followed by another error in the data 
word hours, days, or weeks after the first. 


''Scrubbing'' memory periodically avoids almost all double-bit 
errors. In the scrubbing operation, every data word in memory 
is periodically checked by the EDC for single-bit errors. If one 
is found, it is corrected and the data word written back into 
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memory. Errors are not allowed to pile up, and most double-bit 
errors are avoided. 


The scrubbing operation is generally done as a background 
routine when the memory is not being used by the processor. 
If memory is scrubbed frequently, errors that are detected and 
corrected during processor accesses need not be immediately 
written back into memory. Instead, the error will be corrected 
in memory during scrubbing. This reduces the time delay 
involved in a processor access of an incorrect memory word. 


Figure 12. Correct-Always Configuration 


Correction of Double-Bit Errors 


In some cases, double-bit memory errors can be corrected! 
This is possible when one of the two bit errors is a hard error. 


When a double bit error is detected, the data word should be 
checked to determine if one of the errors is a hard error. If So, 
the hard error bit may be corrected by inverting it, leaving only 
a single, correctable error. The time for this operation is 
negligible, since it will occur infrequently. 


DF000910 
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The procedure after detection of a double error is as follows: 
@ Invert the data bits read from memory. 
@ Write the inverted data back into the same memory word. 


@ Re-read the memory location and XOR the newly read out 
value with the old. If there is no hard error, then the XOR 
result will be all 1's. If there is a hard error, it will have the 
same bit value regardless of what was written in. So it will 
show as a 0 after the XOR operation. 


@ Invert the hard error bit (this will ''correct'’ it) leaving only 
one error in the data. 


@ The EDC can then correct the single bit error. 

@ Rewrite the correct data word into memory. This does not 
change the hard error, but does eliminate the soft error. So 
the next memory access will find only a single-bit, correct- 
able error. 


An example helps to illustrate the procedure: 


Example of Double-Bit Error Correction When One 


is a Hard Error 


6 check bits 
011010 


16 data bits 
1111111100000011 


1. Data Read from 
Memory (D4) 


2.EDC detects a 
multiple error. 
Syndromes: 011000 

3.Syndrome de- 
code indicates a 
double-bit error. 


4.Invert the bits 
read from memo- 


ry (D4) 


5. Write Dy back to 
the same memory 
location 


000000001 1111100 100101 


6.Read back the 
memory location 
(Do) 0000000011111101 100101 


7.XOR Dy and Do 1111111111111110 111111 
8.So the last data 
bit is the hard er- 
ror. Use this to 
modify Dy 1111111100000010 011010 
9. Pass the modified 
D; through the 
EDC. The EDC 
detects a single 
bit correctable er- 
ror and outputs 
corrected data: 1111111100000000 011010 
10. Write the correct- 
ed data back to 
memory to fix the 


soft error. 


Error Logging and Preventative 
Maintenance 


The effectiveness of preventative maintenance can be in- 
creased by logging information on errors detected by the EDC. 
This is called error logging. 


The EDC provides syndromes when errors are detected. The 
syndromes indicate which bit is in error. In most memory 
systems, each individual RAM supplies only one bit of the 
memory word. So the syndrome and data word address 
specify which RAM was in error. 


Typically a permanent/hard RAM failure is preceded by a 
period of time where the RAM displays an increasing frequen- 
cy of intermittent, soft errors. Error logging statistic can be 
used to detect an increasing intermittent error frequency so 
that the RAM can be replaced before a permanent failure 
occurs. 


Error logging also records the location of already hard failed 
RAMs. With EDC a hard failure will not halt system operation. 
EDC can always correct single-bit errors even if it is a hard 
error. EDC can also correct double-bit errors where one is 
hard and one soft (see ''Correction of Double Bit Errors'' 
Section). The ability to continue operation despite hard errors 
can greatly reduce the need for emergency field maintenance. 
The hard-failed RAMs can be instead replaced at low cost 
during a regularly-scheduled preventative maintenance ses- 
sion. 


Reducing Check Bit Overhead 


Memory word widths need not be the same as the data word 
width of the processor. There is a substantial reduction in 
check bit overhead if wider memory words are used: 


Memory Word Check 
# Data Bits # Check Bits Bit Overhead 
8 


5 
16 6 
32 U4 
64 8 


DF000160 


Figure 13. EDC Per Board 


This reduction in check bit overhead lowers cost and in- 
creases the amount of data that can be packed on to each 
board. 
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The trade-off is that when writing data pieces into memory that 
are narrower than the memory word width, more steps are 
required. These steps are exactly the same as those de- 
scribed in Byte Write in the Applications section. No penalty 
exists for reads from memory. 


EDC Per Board vs EDC Per System 


The choice of an EDC per system or per board depends on the 
economics and the architecture of the system. 


DATA BUS 


CHECK BIT BUS 


Certainly the cheaper approach is to have only one EDC per 
system and this is a viable solution if only one memory 
location is accessed at a time. 


This solution does require that the system has both data and 
check bit lines (see Figure 14). This makes retrofitting a 
system difficult and creates complications if static or ROM 
memory, which do not require check bits, are mixed in with 
dynamic RAM. 


If the system has an advanced architecture, it is quite likely 
that it is necessary to simultaneously access memory loca- 
tions on different memory boards (see Figure 13). Architectur- 
al features that require this are interleaved memory, cache 
memory, and DMA that is done simultaneously with processor 
memory accesses. EDC per board is a simpler system from a 
design standpoint. 


DF000150 


The EDC is designed to work efficiently in either the per 


system or per board configurations. Figure 14. EDC Per System 


FUNCTIONAL EQUATIONS 


The following equations and tables describe in detail how the output values of the AM2960 EDC are determined as a function of the 
value of the inputs and the internal states. Be sure to carefully read the following definitions of symbols before examining the tables. 


Definitions 


D; (DATA; if LE IN is HIGH or the output of bit i of the Data Input 
Latch if LE IN is LOW) 

C; (CB; if LE IN is HIGH or the output of bit i of the Check Bit 
Latch if LE IN is LOW) 

DL; «Output of bit i of the Diagnostic Latch 

Sj; _ «Internally generated syndromes (same as outputs of SC; 
if outputs enabled) . 

PA «-D0%D1%D2%D4¢D6eD8 D108D12 

PB -D0®D1®D2D3 D4 6D5 ©D6 ©D7 

PC «D8eD98D108D118D126D13 D146 

PD -D0®D38D42D7%D98D108D138D15 

PE «-D0®D1®D5®D6¢D7 6D118D12eD13 

PF +-D2®D38D4%D58D68D79D14eD15 

PG; -D0®D4®D6¢%D7 

PG2-D1%D2eD3eD5 

PG3 -D8®D9e8D118D14 

PG4-D10®D126D13 6D15 


Error Signals 
ERROR <(S6 - (ID; + IDo)) - S5 - S4.° S3-S2° Si - SO + GENERATE + INITIALIZE + PASSTHRU 


MULT ERROR (16 and 32-Bit Modes) ((S6-ID;) ®S5 ®S4 ©S3 ®©S2 @S1 @S0) (ERROR) + TOME 
+ GENERATE + PASSTHRU + INITIALIZE 


MULT ERROR (64-Bit Modes) TOME + GENERATE + PASSTHRU + INITIALIZE 
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TOME (Three or More Errors)* 


0 
1 
1 
0 


oooo 
o- oO — 
=-Oo-90 


*(S6, S5,...SO are internal syndromes except in Modes 010, 100, 101, 110, 111 (CODE IDo, Dy, IDo). 
In these modes the syndromes are input over the Check-Bit lines. S6-—C6, S5-C5, ...S1<-C1, SO-CO. 
**The S6 internal syndrome is always forced to 0 in CODE ID 000. 


SC Outputs 


Tables XV, XVI, XVII, XVIII, XIX show how outputs SCo.¢ are generated in each control mode for various CODE IDs (internal control 
mode not applicable). 


TABLE XV. 


GENERATE CODE 1D2-0 


Mode (Check Bits) | otf ow. ot. ne a a eg 
PGzePGg | PG) 8PG; _[PGzOPG,oCB9| PGZ@PGa ParePG, 
PA PA 


ee A Ee en 
Ld ViabOee torshe ecoWBbrys ee, Pie i fis Rete, | PD | PD | eho aed 
eS 8 98 ce Seis Ses vi ees Pe |e ee 
ee wee ee ee ae ee a 
eee asc ic gil te sdclncs BG hie PAROS a OO ol, oien Oe Geka ee nes bind 
i Rr ds eh ile PB ed PCO ORs be PR PB ed PB od a 


TABLE XVI. 


CODE ID2.9 — 

PGy ®PG3 PG ®PG,4 PGo ®PG3 
500- PO8CB, Te ee 
ORs he Pt a 


*In CODE ID2.9 011 the Check-Bit Latch is forced transparent; the Data Latch operates normally. 


TABLE XVII. 


CODE ID2.0 


Diagnostic 
Read Mode 


ees ees aa a 
PE®Dls | PeeCas | PEeDl) | Pe | Pe |e 
PFDs | PFeDis | _PFe0By | _PFeDLy 


PCeDLs P2085 | PCSDIs 
ae BE ee ee 


*in CODE 1ID2.9 011 the Check-Bit Latch is forced transparent; the Data Latch operates normally. 
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TABLE XVIil. 


Diagnostic CODE !D2.9 
write. Mode | | oa ||’ | oft | | Sor) 8)? iso ° [8 tore Se | 


*In CODE !D2.9 011 the Check-Bit Latch is forced transparent; the Data Input Latch operates normally. 


TABLE XIX. 


PASS THRU CORE 20 
Mode ee ee ee eee ee 


eo Gone sa won wore 
oe fe ee ee a 
3. | 2 ot amr @ | 
a a eB ee es ee 
22 BE a enka 
2 Se ee ee a ee ee ee 

<< 


See oe eS SNOT EOE | SOONER EL ASTON. 


*In CODE |IDo.9 011 the Check-Bit Latch is forced transparent; the Data Input Latch operates normally. 


Data Correction 


Tables XX to XXVI shows which data output bits are corrected 
(inverted) depending upon the syndromes and the CODE ID 
position. Note that the syndromes that determine data correc- 
tion are in some cases syndromes input externally via the CB 


TABLE XX. CODE ID2.9 = 000* 


*Unlisted S combinations are no correction. 


4-28 


inputs and in some cases syndromes generated internally by 
that EDC (Sj are the internal syndromes and are the same as 
the value of the SC; output of that EDC if enabled). 


The tables show the number of data bit inverted (corrected) if 
any for the CODE ID and syndrome combination. 


TABLE XXII. CODE ID2.9 = 010* 


—_— — —« © 


*Unlisted CB combinations are no correction. 
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TABLE XXil. CODE ID2.9 = 011* 


0; 0 0 1 
O10 0 1 
0 0 1 0 
0 1 1 0 


*Unlisted S combinations are no correction. 


TABLE XXIV. CODE ID2.9 = 101* 


*Unlisted CB combinations are no correction. 


TABLE XXill. CODE ID2.9 = 100* 


*Unlisted CB combinations are no correction. 


TABLE XXV. CODE ID2.9 = 110* 


*Unlisted CB combinations are no correction. 


TABLE XXVI. CODE ID2.9 = 111* 


*Unlisted CB combinations are no correction. 
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APPLICATIONS 


Byte Write 


Byte operations are increasingly common for 16-bit and 32-bit 
processors. These complicate memory operations because 
check bits are generated for a complete 16-bit or 32-bit or 64- 
bit memory word -not for a single byte. 


To write a byte into memory with EDC requires the following 
steps: 

®@ Latch the byte into the Am2961/62 bus buffers (Figure 
15) 

Read the complete data word from memory (Figure 15) 
Correct the complete data word if necessary (Figure 15) 
Insert the byte to be written into the data word (Figure 16) 
Generate new check bits for the entire data word (Figure 
16) 

@ Store the data word back into memory (Figure 16) 


(In fact, these steps must be taken for any piece of data being 
written into memory that is not as wide as a full memory word.) 


The Am2960 EDC is designed with the intent of keeping byte 
operations simple in EDC systems. The EDC has separate 
output enables for each byte in the Data Output Latch. As 
shown in Figures 15 and 16, this allows the data word to be 
read from memory, the new byte to be inserted among the old, 
and new check bits to be generated using less time and less 
hardware than if separate byte enables were not available. 


DATA 
MEMORY 
HIGH BYTE 


DATA 
MEMORY 
LOW BYTE 


MULTIPLE 
BUS 
BUFFERS 


f 


MULTIPLE 


BUS 
BUFFERS 


DATA BUS 


AF000730 


Figure 15. Byte Write, Phase 1: Read Out 
the Old Word and Correct 
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DATA 
MEMORY 
LOW BYTE 


BUS 


BUFFERS 


DATA 
MEMORY 
HIGH BYTE 


MULTIPLE 
BUS 
BUFFERS 


DATA BUS 


AF000730 


Figure 16. Byte Write, Phase 2: Insert the 
New Byte, Generate Checks and Write Into 
Memory 


Diagnostics 


EDC is used to boost the reliability of the overall system. It is 
necessary to also be able to check the operation of the EDC 
itself. For this reason the EDC has an internal control mode, a 
diagnostic latch, and two diagnostic modes. 


To check that the EDC is functioning properly, the processor 
can put the EDC under software control by setting CODE ID2.9 
to 001. This puts the EDC into Internal Control Mode. In 
Internal Control Mode the EDC is controlled by the contents of 
the Diagnostic Latch which is loaded from the DATA inputs 
under processor control. 


The EDC is set into CORRECT Mode. The processor loads in 
a known set of check bits into the Diagnostic Latch, a known 
set of data bits into the Data In Latch, and forces data errors. 
The output of the EDC (syndromes, error flags, corrected 
data) is then compared against the expected responses. By 
exercising the EDC with a string of data/check combinations 
and comparing the output against the expected responses, 
the EDC can be fully checked out. 


Eight Bit Data Word 


Eight bit MOS microprocessors can use EDC too. Only five 
check bits are required. The EDC configuration for eight bits is 
shown in Figure 17. It operates as does the normal 16-bit 
configuration with the upper byte fixed at 0. 


Check bit overhead for 8-bit data words can be reduced two 
ways. See the sections ''Single Error Correction Only'' and 
"Reducing Check Bit Overhead."' 
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DATA CHECKS 


Check Bits Required 
Single Error Single Error Correct 
Data Bits | Correction Only | & Double Error Detect 
8 


a 5 
16 5 6 
32 6 7 
64 rs 8 


Disg = 7-4 


OE BYTE 1 


CBo4 CBs.¢ 


OE BYTE 2 


ERROR MULTI ERR SCo.4 


> 
3 
© 
coz] 
© 
~ 
> 
5 
© 
> 


ERROR MULT SYNDROMES; 
ERROR CHECK BITS DATA CHECKS 
AF0005380 


Figure 17. 8-Bit Configuration : 


Other Word Widths 


EDC on data words other than 8, 16, 32, of 64 bits can be OE DATA 
accomplished with the AM2960. In most cases the extra data 
bits can be forced to a constant, and EDC will proceed as 
normal. For example, a 24-bit data word is shown in Figure 18. 


Vec DATA15.g DATA7. CBy.4 


OE BYTE 1 CBo, 5,6 


OE BYTE 2 CODE 1D 


Single Error Correction Only 


The EDC normally corrects all single-bit errors and detects all 
double-bit and some triple-bit errors. To save one check bit 
per word, the ability to detect double bit errors can be 


sacrificed - single errors are still detected and corrected. SYNDROMES/ 


CHECK BITS 


Figure 19. 8-Bit Single Error Correction Only 


DATA CHECKS 


SYNOROMES/ 
AF000430 ERROR CHECK BITS 


AF000410 
Figure 18. 24-Bit Configuration 


Figure 20. 16-Bit Single Error Correction 
Only 
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Figures 19, 20, 21, 22 show single error correction only config- 
urations for 8, 16, 32, and 64-bit data words respectively. 


DATA31-16 DATAys.9 CHECKS OE sc 


Check Bit Correction 


The EDC detects single bit errors whether the error is a data 
bit or a check bit. Data bit errors are automatically corrected 
by the EDC. To generate corrected check bits once a single 
check bit error is detected, the EDC need only be switched to 
GENERATE mode (data in the DATA INPUT LATCH is valid). 


The syndromes generated by the EDC may be decoded to 
determine whether the single bit error is a check bit. 


In many memory systems, a check bit error will be ignored on 
the memory read and corrected during a periodic ''scrubbing'' 
of memory (see section in System Design Considerations). 


Multiple Errors 


The bit-in-error decode logic uses syndrome bits SO through 
S32 to correct errors, SX is only used in developing the 
multiple error signal. This means that some multiple errors will 
cause a data bit to be inverted. 


For example, in the 16-bit mode if data bits 8 and 13 are in 
error the syndrome 111100 (SX, SO, S1, S2, S4, S8) is 
produced. This is flagged a double error by the error detection 
logic, but the bit-in-error decoder only receives syndrome 
ERROR SYNOROMES/CHECK BITS 11100 (SO, S1, S2, S4, S8), which it decodes as a single error 
AF000440 in data bit 0 and inverts that bit. If it is desired to inhibit this 

* The Code ID Combination for this Slice inversion, the multiple error output may be connected to the 
Forces the Check Bit Latch Transparent. correct input as in Figure 23. This will inhibit correction when a 
multiple error occurs. Extra time delay may be introduced in 
the data to correct data path when this is done. 


Figure 21. 32-Bit Single Correct Only 


DATA31-16 


D150 CBo6g 


EDC < 
BYTES6&7 OE SC 


EOC EDC Oc 
BYTES4&5 OESC BYTES2&3 OESC BYTESO&1 OFSC 


CBi4 


CBi4 CB1.6 CBy6 


SYNOROMES/CHECK BITS 


Notes: 1. In Pass Thru Mode the Contents of the Check Latch Appear on the XOR Outputs Inverted. 
2. In Diagnostic Generate Mode the Contents of the Diagnostic Latch appear on the XOR Outputs 
Inverted. 


Figure 22. 64-Bit Single Correct Only 
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Figure 23. Inhibition of Data Modification 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature .............:.eceeeeeees -65°C to + 150°C Commercial (C) Devices 
Temperature (Case) TOMPOFAUNO . seeieei. ss ec cc ee ccutesenceenevesees 

RIPE TUM oe cio pk car mi nets siseccs es. -55°C to +125°C Supply Voltage << 5253.....0-..s0csccarnsoes 
Supply Voltage to Ground Potential 

NNN oo os oy soa kos 5 Lawes cee nce cess 0 -0.5V to +7.0V 
DC Voltage Applied to Outputs For : 

High Output: State -...-... 0. cciee see see. -0.5V to Vcc Max 
ee UE VON 6a ain csc sccoe cece ss censned os -0.5V to +5.5V 
DC Output Current, Into Outputs ................ceeeeeeee 
Ries ANIL CTI oo os dscai ces aan seegposesé 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
TOWMIOIANNO 5 o55 5 oes cccascnnsasessanes -—55°C to +125°C 
Supply Voltage ...........s.cesccsscescerenees +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Parameters Descriptions Test Conditions (Note 1) ae (Note 2) Pee 
eee 


Voc = MIN 
Output HIGH Voltage vou Vid or Vib lIoH = -0.8mMA i ee es oes 
Output LOW Voltage Goo & vy. | foun 8mA ee 
Guaranteed Input Logical HIGH 
Input HIGH Voltage Voltage for all Inputs (Note 7) ae 
Guaranteed Input Logical LOW 
Input LOW Voltage Voltage for all Inputs (Note 7) 


in Daeg ee 
eae Se 
Pe ee 


VOH 
VOL 
VIH 


Vit 


v 
: P =410_| 
Input LOW Curent | Vim .5V. = nee 
ae (ee ee ee ee 
a input HIGH Curent =i vmm2.7v [Al Other inputs TTT OO 
Th _| input HIGH Current eer aes 
ee Nota Pe 
Wee ee ee 
| Off State (High | 
oe oP gh Sass Od ak ome sponse Ts HA 
Woes ee 
Seam ee 
ante ee ee 
Power Supply Current a a ee ee 
loc (Note 6) Gee a 
Cg ce a 
oe 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
_ Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


1 
2 
3 
4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 
5 
6 
7 


_ "MIL" = Am2960XM, DM, FM. "'COM'L" = Am2960XC, DC. 
. Worst case icc is at minimum temperature. 
. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
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SWITCHING TEST CIRCUIT 


Figure 24. Three-State Outputs 


. C,_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 


ne) 


TC000420 


Figure 25. Normal Outputs 


. $1, S2, Sg are closed during function test and all A.C. tests, except output enable tests. 
. Sq and S3 are closed while So is open for tpzy test. 
S; and So are closed while Sg is open for tpz,_ test. 


. Ro=1K for three-state output. 


Ro is determined by the Ioy at Vou = 2.4V for non-three-state outputs. 
. Ry is determined by Io, (MIL) with Vcc = 5.0V minus the current to ground through Ro. 


. CL = 5.0 pF for output disable tests. 


TEST OUTPUT LOADS 


[rm ¢| rm tapes | cre | my | me 

P= | bobs [re 26 [son es 
[2490 | St0Sc6 | Fig 24 [aso] 1K 
se | ERROR | Fig a5 [aro] ax 
[20 | HOCTERROR Fig. 25 [2700] aKa | 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the complexity and power levels 
of the part. The following notes may be useful. 


. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
Cause erroneous function failures due to Vcc changes. 


. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


.Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 


. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 


noise at the device pins and they may not actually reach Vj,_ 
or Vip until the noise has settled. AMD recommends using 
Vit S0.4V and Viz <2.4V for AC tests. 


5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 


6. To assist in testing, AMD offers documentation on our test 
procedures and, in most cases, can provide Fairchild Sentry 
programs, under license. 


7. Changing the CODE ID inputs can cause loss of data in 
some of the Am2960 internal latches. Specifically, the entire 
checkbit latch and bits 6 and 7 of the diagnostic latch are 
indeterminate after a change in CODE ID inputs. - 


Logic simulations should store ''x'’ (i.e., ''don't care'') in these 
bits after CODE ID change. Test programs should reload 
these registers before they are used. 


vos6cwiy /096cuiy 
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Am2960/Am2960A 


1. Am2960 Guaranteed Commercial + 70°C, with Vcc from 4.75V to 5.25V. All data are in ns, with 
Range Performance inputs switching between OV and 3V at 1V/ns and measure- — 
ments made at 1.5V. All outputs have maximum DC load. 
The tables below specify the guaranteed performance of the This data applies to the following part numbers: Am2960DC, 
Am2960 over the commercial operating range of O0°C to XC: 


A. Combinational Propagation Delays 


C. = 50pF 


To Output | 


DATAo-15 ERROR MULT ERROR 
CBo-6 
pee on eS er 
101,110,11 1) ; 
PCENERATE (“GG Sore OT PT VE See AV fe HO eee ve PeningalsD BB eh 


CORRECT 

(Not Internal Control Mode) 
DIAG MODE 

(Not Internal Control Mode) 
PASS THRU 

(Not Internal Control Mode) 


CODE !D2.0 


LE IN : 
(From latched to transparent) 72 
LE OUT 
(From latched to transparent) 


LE DIAG 
(From latched to transparent; 
Not Internal Control Mode) 


Internal Control Mode: 

LE DIAG 67 
(From latched to transparent) 

Internal Control Mode: 

DATAo.15 67 
(Via Diagnostic Latch) 


*Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enables 


To 
(Latching | Set-up | Hold 
Up Data) Time | Time 


7 


(CODE ID 010, 
100, 101, 110, 111) 


‘ 


C. Output Enable/Disable Times 
Output disable tests performed with C, = 5pF and 
measured to 0.5V change of output voltage level. 


D. Minimum Pulse Widths 


LE IN, LE OUT, LE DIAG Sees 


VALID CORRECT 
INPUT DATA IN TO DATA 
DATA CORRECT DATA OUT OUTPUT 
Paraoas WYK KY XKY ASYYXY 
DATA TO LE IN 
SET-UP TIME 
LE IN 
DATA TO LE IN 
HOLD TIME 
OE BYTE 0&1 
WF001520 
Figure D. 
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Am2960/Am2960A_ 


1. Am2960 Guaranteed Military 
Range Performance 
The tables below specify the guaranteed performance of the 


Am2960 over the military operating range of -55°C to 
+ 125°C case temperature, with Voc from 4.5V to 5.5V. All 


data are in ns, with inputs switching between OV and 3V at 1V/ 
ns and measurements made at 1.5V. All outputs have maxi- 
mum DC load. 


This data applies to the following part numbers: Am2960DM, 
FM, XM. 


A. Combinational Propagation Delays 
C._ = 50pF 


DATAo.15 


CORRECT 

(Not Internal Control Mode) 
DIAG MODE 

(Not Internal Control Mode) 
PASS THRU 

(Not Internal Control Mode) 


-6 
(CODE ID2.9010,100, 
401,110,111) 


LE IN 
(From latched to transparent) 


LE OUT 
(From latched to transparent) 


LE DIAG 
(From latched to transparent; 
Not Internal Control Mode) 


Internal Control Mode: 
DATAo.15 
(Via Diagnostic Latch) 


CBo-6 
(CODE !D2.9000,011) 
3 ae 


CODE 102. sa eS 


Internal Control Mode: 
LE DIAG ; 75 
(From latched to transparent) 


DATAo-15 ERROR MULT ERROR 
eee es Ba ee ee 


*Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enables 


To 
(Latching | Set-up | Hold 
Up Data) Time Time 


CBo-6 
(CODE ID LE OUT 
000, 011) 

CBo-6 

(CODE ID 010, LE OUT 

100, 101, 110, 111) 

CORRECT LE OUT ee 
DIAG MODE LE OUT ee ees eee 
PASS THRU LE OUT Skee ae 
CODE !D2.0 Le Runs 1 ee en 


VALID CORRECT 
INPUT DATA IN TO DATA 
DATA CORRECT DATA OUT OUTPUT 
V.VaValaVavavatavatat a’ vV,VaValaY¥ 
OOK KA \KXXAX) 
DAT. OX X AKAM KX AAAL OXXAKK? 
8015 XXXXXXXXK PXXXXX 
DATA TO LE IN 
SET-UP TIME 
LE IN 
DATA TO LE IN 
HOLD TIME 
OE BYTE 0&1 
WF001520 
Figure D. 
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C. Output Enable/Disable Times 
Output disable tests performed with C. = 5pF and 
measured to 0.5V change of output voltage level. 


[input [Output | Enable | Disable 


OE BYTE 0, 
OE BYTE 1 DATAo.15 


mee (ee ee ee 


D. Minimum Pulse Widths 


LE IN, LE OUT, LE DIAG 


vosé6culy /o96cwiy 


Am2960/Am2960A 


Am2960A Guaranteed Commercial + 70°C, with Vcc from 4.75V to 5.25V. All data are in ns, with 
Range Performance inputs switching between OV and 3V at 1V/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


The tables below specify the guaranteed performance of the This data applies to the following part numbers: Am2960ADC, 
Am2960A over the commercial operating range of 0°C to XG. 


A. Combinational Propagation Delays 
C. = 50pF 


MULT ERROR 


CBo-6 
(CODE 1ID2.9000,011) 


CBo-6 
(CODE 1D2.9010,100, 
101,110,111) 


CORRECT 

(Not Internal Control Mode) 

DIAG MODE 

(Not Internal Control Mode) 

PASS THRU 

(Not Internal Control Mode) 

CODE 102. Sarees 


LE IN 

(From latched to transparent) 
LE OUT 

(From latched to transparent) 


LE DIAG 
(From latched to transparent; 
Not Internal Control Mode) 


Internal Control Mode: 
LE DIAG 
(From latched to transparent) 


Internal Control Mode: 
DATAg.15 
(Via Diagnostic Latch) 


“Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enables 


To 
(Latching 
Up Data) 


as (ae te 
ae ee 
ates feo | | 


CBo-6 
(CODE ID 
000, 011) 


CBo-6 
(CODE ID 010, 
100, 101, 110, 111) 


ene for | | 


Hold 
Time 


Set-up 
Time 


C. Output Enable/Disable Times 
Output disable tests performed with C, = 5pF and 
measured to 0.5V change of output voltage level. 


[et Ton Tena [oan 


a 


mim 
wo 
<< 
4 
mm 
=o 


Al 


D. Minimum Pulse Widths 


CORRECT ur ee LE IN, LE OUT, LE DIAG Se 
DIAG MODE LE OUT ee Geass 
PASS THRU LE OUT ee ae 
CODE !Do.9 LE OUT Sae EAS 

VALIO CORRECT 

INPUT DATA IN TO DATA 

DATA CORRECT DATA OUT : OUTPUT 

CKO XK KKK KOK 1,0, 
DAT. AX é OX XXX 
Ao-15 XXX MY’ RAYS 
DATA TO LE IN 
SET-UP TIME 
LE IN 
DATA TO LE IN 
HOLD TIME 
OE BYTE 0&1 
WF001520 
Figure D. 
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vos6cwiy /o96cwiy 


Am2960/Am2960A 


Am2960A Guaranteed Military Range 
Performance 
The tables below specify the guaranteed performance of the 


Am2960A over the military operating range of -—55°C to 
+ 125°C case temperature, with Vcc from 4.5V to 5.5V. All 


data are in ns, with inputs switching between OV and 3V at 1V/ 
ns and measurements made at 1.5V. All outputs have the 


maximum DC load. : 


This data applies to the following part numbers: Am2960ADM, 
FM, XM. 


A. Combinational Propagation Delays 


C. = 50pF 


0-6 
(CODE 1D2.9000,01 1) 


CBo.6 
(CODE 1D32.9010,100, 
101,110,111) 


CORRECT 
(Not Internal Control Mode) 


DIAG MODE 
(Not Internal Control Mode) 


PASS THRU 
(Not Internal Control Mode) 


CODE !Do.0 


LE IN 
(From latched to transparent) 


LE OUT 
(From latched to transparent) 


LE DIAG 
(From latched to transparent; 
Not Internal Control Mode) 


Internal Control Mode: 
LE DIAG 
(From latched to transparent) 


Internal Control Mode: 
DATAo.15 
(Via Diagnostic Latch) 


“Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enables 


To 
(Latching | Set-up | Hold 


Time Time 


(CODE ID 010, 
100, 101, 110, 111) 


icc eae | ie 


vog6cwy /096culy 


C. Output Enable/Disable Times 
Output disable tests performed with C, = 5pF and 
measured to 0.5V change of output voltage level. 


OE BYTE 0, 
OE BYTE 1 


D. Minimum Pulse Widths 


LE IN, LE OUT, LE DIAG Pe age 


VALIO CORRECT 
INPUT DATA IN TO DATA 
DATA CORRECT DATA OUT OUTPUT 
PATAO-15 WU AYYYYY 
DATA TO LE IN 
SET-UP TIME 
LE IN 
DATA TO LE IN 
HOLD TIME 
OE BYTE 0 & 1 
WF001520 
Figure D. 
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Am2961/Am2962 


Am2961/Am2962 


4-Bit Error Correction Multiple Bus Buffers: 


DISTINCTIVE CHARACTERISTICS 


Provides complete data path interface between the 
Am2960 Error Detection and Correction Unit, the sys- 
tem data bus and dynamic RAM memory 
Three-state 24mA output to data bus 

Three-state data output to memory 


@ Inverting data bus for Am2961 and noninverting for 
Am2962 

@ Data bus latches allow operation with multiplexed buses 

@ Space saving 24-pin 0.3” package 


GENERAL DESCRIPTION 


The Am2961 and Am2962 are high-performance, low- 
power Schottky multiple bus buffers that provide the 
complete data path interface between the Am2960 Error 
Detection and Correction Unit, dynamic RAM memory and 
the system data bus. The Am2961 provides an inverting 
data path between the data bus (Bj) and the Am2960 error 
correction data input (Yj) and the Am2962 provides a 
noninverting configuration (Bj to Yj). Both devices provide 
inverting data paths between the Am2960 and memory 
data bus, thereby optimizing internal data path speeds. 


The Am2961 and Am2962 are 4-bit devices. Four devices 
are used to interface each 16-bit Am2960 Error Detection 
and Correction Unit with dynamic memory. The system can 
easily be expanded to 32 or more bits for wider memory 
applications. The 4-bit configuration allows enabling the 
appropriate devices two-at-a-time for intermixed word or 
byte, read and write in 16-bit systems with error correction. 


Data latches between the error correction data bus and the 
system data bus facilitate byte writing in memory systems 
wider than 8-bits. They also provide a data holding capabili- 
ty during single-step system operation. 


BLOCK DIAGRAM 


BD001170 


*Am2962 is the same function but noninverting to the system data bus, B. 


ADVANCED INFORMATION 
@ 25-30% speed improvement plug-in replacements for Am2961/ Am2962. 
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CONNECTION DIAGRAM LOGIC SYMBOL CONNECTION DIAGRAM 


Top View Leadiess Chip Carrier 
D-24-SLIM | 


Bis Be Bi; Big 553 552 BG, BBy 


LS000480 


CD004860 


CD001430 


Note: Pin 1 is marked for orientation. B-Bus is noninverting for Am2962. 


METALLIZATION AND PAD LAYOUT 
Am2962 


DIE SIZES .102” x .087’ 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


am2961 
Amz062 2 i | | DC, DCB, DM, 
Screening Option DMB 
Blank - Standard processing Am2961 LC. LCB. LM 
B — Burn-in Am2962 LMS 
Temperature (See Operating Range) XC, XM 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 
Package 
D- 24-pin CERDIP (D-24-SLIM) 
L-—28-pin leadless chip carrier (L-28-1) Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
4-Bit Error Correction Multiple Bus Buffers combination you wish. 
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z96TWIY/L96zWIY 


Am2961/Am2962 


PIN DESCRIPTION 


O08 ee a ea ee ee 


4,9, Bo, ra 1/O | The four bidirectional system data bus inputs/outputs. The B-to-Y path is inverting for the Am2961 (Bi) and 
16,21 noninverting for the Am2962 (Bi). 


The three-state Output Enable for the system data bus output drivers. When OEB is LOW, data from the Data Output 
Latch is output to the system data bus. When OEB is HIGH, the bus drivers are in the high-impedance state and the 
Data Input Latch can receive input data from the system data bus. 


LEB Latch Enable for the Data Output Latch. When LEB is HIGH, the latch is transparent and Y-Bus data is output to the 
B-Bus. When LEB goes LOW, Y-Bus data meeting the latch set-up and hold time requirements is latched for output to 
the B-Bus. 


6.8, Yo, Y1, 1/O | The four bidirectional EDC data inputs/outputs for connection to the EDC data !/O port. 
17, 20 Yo, Y3 
LEY 


The Latch Enable control for the Data Input Latch for the data input from the system data bus (B). When LEY is HIGH 
the latch is transparent and B input data is available at the MUX input for selection to the Y outputs. When LEY goes 
LOW, B input data meeting the latch set-up and hold time requirements is latched for subsequent selection to the Y 
outputs. 


Output Enable for the Y (EDC) Bus outputs. When OEY is HIGH, data selected by the input data multiplexer i is output 
to the Y-bus. When OEY is LOW, the MUX output is in the high-impedance state and the Y-Bus can receive input data 
from the EDC Unit. 


The Data eee to the memory data inputs. The DO outputs are inverted with respect to the EDC Bus SO). These 
outputs are ''RAM Driver" outputs with a collector resistor in the lower output driver to protect against undershoot on 
the HIGH-to-LOW transition. 


Bee Enable for the DO outputs. An active LOW input causes the DO outputs to output inverted data from the EDC 
ie Bus and a HIGH input puts the DO outputs in the high-impedance state. 


6,7, il Be ee Data Inputs from memory. DI inputs are selected by the data input MUX for output oe the oe (Y) Bus (controlled 
18, 19 Dio, Di ee S and OEY) and/or output to the system data bus (B) (controlled by LEB and OEB 


FUNCTION TABLES 
Y-BUS OUTPUT B-BUS OUTPUT 


*OEB = HIGH for B data input 
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APPLICATION 


MEMORY 


16 DATA BITS 6 CHECK BITS 


CONTROLS* 


’ SYSTEM DATA BUS . 


*Since the EDC Data Bus Buffers are four-bit wide devices, controls can be paired to device inputs to provide byte level controls 
(for any data width). 


AF000340 
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Am2961/Am2962 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Under Bias Temperature 

Power Applied . -55°C to +125°C Supply Voltage 
Supply Voltage to Ground Potential 
Continous 
DC Voltage Applied to Outputs For 
High Output State -0.5V to Voc Max 
Pre REMIR NOI 5 wala gcn vs wb: core an od 00 0 ss 6 ene mens beaad ns 5.5V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
Temperature : -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


-0.5V to +7.0V 


DC CHARACTERISTICS OVER OPERATING RANGE - Y BUS 


Typ 
Descriptions Test Conditions (Note 1) a (Note 2) ee 
a CS CO 


lo. = 8mMA 
Voc = MIN lou =8mA_ | 
Output LOW Volage | Vin= Via oF Vi onions] om oe | 


Guaranteed input logical HIGH 
InpULCHIGH Level voltage for all inputs Volts 
: ; MIL 
Guaranteed input logical LOW | Mile 8s bie i] 
ee voltage for all inputs 


Tm [input HIGH Current | Voc=MAX, Vin=27V_oev=tow ||| 10 | _wa_| 
gee | : aes 


Typ 


a pein ee 
Vou | Output HIGH Vottage | Vin'= Vin or Vi Paw TN Ba) 


: A i oan Ti ee ae a 
OL P g ViN= Vir OF Viv in=2ema | —S«|~—oas | ~(Os0 
Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs Volts 
Vv input: LOW Level Guaranteed input logical LOW MG ees es oe Volts 
iu P voltage for all inputs COM'L ee eee 
input Clamp Voltage Voo= MIN, lin = 18mA ee ie oe 
input LOW Current Voo=MAX Vin=04V [OEB=HIGH | | «| -10 ~+| ma 
Pia | Input HIGH Current Voo=MAX Vin=27V[OEB-HIGH | | —«{|~—-100~=«S 
Pn __| Input HIGH Current Voo=MAXVin=55V [OEB=HIGH | | «| 10 ~*|~—soma_ 


Notes: 1. For conditions as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DC CHARACTERISTICS OVER OPERATING RANGE - DO OUTPUTS 


Typ 
Descriptions Test Conditions (Note 1) pre (Note 2) 
: fk a eR MiLion=-50uA | 25 | «| ~SSC~*dtC*«é 
OH pur HIGH Vola? TMi Vin or Vu, [COMIC Non - 100A | a7 ff | Vole 
Voc = MIN 
Vv tput LOW Volt lo. = 


cS el ee Cre 2 ee 
pe aoe ot ae 


c96CWIY /LO6GWIY 


DC CHARACTERISTICS OVER OPERATING RANGE -DIi INPUTS AND CONTROLS 


Typ 


Guaranteed input logical HIGH 


Vv teckel Guaranteed input logical LOW Sas See See BC Volts 
iu P voltage forall inputs GM 


Voc = MIN, lin = = 18mA ee ee 
Hoo Mat Vn say iS Loe a 
[ig | Waput HIGH Curent | Voo= MAK, Vin=2.7V PEE oes a Se 


DC CHARACTERISTICS OVER OPERATING RANGE - POWER SUPPLY 


Typ 


le | Powe Suey Gren Vog MA a ee 
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Am2961/Am2962 


SWITCHING TEST CIRCUIT 


omy 
= 2K 


TC000530 
TC000410 ~ 


Figure 1. Figure 2. Figure 3. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 
Am2961 


COMMERCIAL 
Parameters Description Test Conditions | Min | Max | Min | Max | 
Propagation Delay B to Y (Latch pi | BB ad pao mp 7 BB fe 
en ee | eo eee Te 1 Oe 
Propagation Delay DI to Y ee eT ee 
ee genase oo Os eas ee 
oe 
stata ies orig camaase 2 cane Sat ees Rear OS, 
Propagation Delay LEY to hee I BS OR SS GN 
EY = 9. = Se ; eee Ses eee eee ee 
2 ae Y Bus Output Enable Time eee ees eee are eee 
aaa Sones SS es ee 
ae Y Bus Output Disable Time coe ee ee 
oe Pee. See ee ee 
Propagation Delay LEB to B Figure 1 pa eee ee ae ee SSS 
(CEB = LOW) Cee 1 ee ae 
Propagation Delay Y to B (Latch Transparent, AL Bi eee ee ee eee ee 
LES = HiGh, OEB = LOW, OEY = LOW eae Bs eee 
Propagation OeayY 10 (atch Tranparnt 2a eae 
'tpzH __| B Bus Output Enable Time Pome es aes Os Se 
ae ae Gets a eee ee ee Ce 
B Bus Output Disable Time ee es oe ae 
OO ES Ses iecl Sd Ae ee 
Propagation Delay ¥ to BO Ege ge iy oo Coe ee ee 
ieee aie tie A= Peele ae eee ee 
eee DO Output Enable Time | S=2 | fe Be Se ES ee 
See Sele lee eee eee OE ee 
pew _| Bourg oat me ee oe ee ee ee 
OED to DO [s=1] ee ee ee 
jo [souvent enn (| ge [el [el] [= 
. (enomem | Bae fel fel ow | 
fe [veut sever cev-iom |e Le | te | 
: Ry = 27022 
[emesis | eee Le Pe fe 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Am2962 


Parameters 


tPHL 


tPHL 
tPLH 
tPHL 
tPLH 
tPHL 
tpPZH 
tPZL 


= _~ 
vU Uv 
Kad aa 
m od pn 


tPLz 
tPLH 
tPHL 


tPHL 


tPLH 


tPHL 


tPLz 


om | -« - a 
bu MP te | Uv Uv 
RY A vc N c 
io hae rs PE By 


> 
N 
ra 


tPLz 


Description Test Conditions 


Propagation Delay B to Y (Latch 
Transparent,OEY = LEY = HIGH) 
Propagation Delay Di to Y 
(OEY = HIGH, S = LOW) 
Propagation Delay S to Y 3 
(OEY = HIGH) Sete 
Propagation Delay LEY to Y AL es 
(OEY = S = HIGH) é 
Y Bus Output Enable Time . 
OEY to Y 
Y Bus Output Disable Time 
OEY to Y 
Propagation Delay LEB to B ; 
(EB = Low) Ge Ge 
: Ry = 2702 
Propagation Delay Y to B (Latch Transparent, te 
LEB = HIGH, OES = LOW, OEY = LOW) Ra = 1k8 
Figure 1 
Propagation Delay Y to B (Latch Transparent, CL = 300p F 
LEB = HIGH, OES = LOW, OEY = LOW) R, = 2702 
Ro = 1k2 
B Bus Output Enable Time Fi 
igure 1 
CL= co 
: R_ = 270 
B Bus Output Disable Time te 
OEB to B Figs see 
. Figure 2 
Propagation Delay Y to DO as 
(OED = OEY = LOW) = Eien 


DO Output Enable Time | S=2 | 
OED to DO /S=1, Figure 3 
Cy = 50pF 
DO Output Disable Time | S=2] R=6802 
OED te 60 sai 
B to LEY Set-up Time (OES = HIGH) On aber 
Ri = 3902 
B to LEY Hold Time (OEB = HIGH) Rp = 1k 
Y to LEB Set-up Time (OEY = LOW) Gn cae 
‘ Ry = 2702 
Y to LEB Hold Time (OEY = LOW) Ro = 1k 


COMMERCIAL 


7 
7 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


MILITARY 


z96TWY/LO6gTWIY 


_ 
@ 
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Am2964B/Am2964C* 


Am2964B/Am2964C* 


Dynamic Memory Controller 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Dynamic Memory Controller for 16K and 64K MOS 
dynamic RAMs 

8-Bit Refresh Counter for refresh address generation, 
has clear input and terminal count output 

Refresh Counter terminal count selectable at 256 or 128 


@ Latch input RAS Decoder provides 4 RAS outputs, all 
active during refresh 

@ Dual 8-Bit Address Latches plus separate RAS Decoder 
Latches 

@ Burst mode, distributed refresh or transparent refresh 
mode determined by user 


GENERAL DESCRIPTION 


The Am2964B Dynamic Memory Controller (DMC) replaces 
a dozen MSI devices by grouping several unique functions. 
Two 8-bit latches capture and hold the memory address. 
These latches and a clearable, 8-bit refresh counter feed 
into an 8-bit, 3-input, Schottky speed MUX for output to the 
dynamic RAM address lines. 


The same silicon chip also includes a special RAS decoder 
and CAS buffer. Placing these functions on the same chip 
minimizes the time skew between output functions which 
would otherwise be separate MSI chips, and therefore 
allows a faster memory cycle time by the amount of skew 
eliminated. 


The RAS Decoder allows upper addresses to select one-of- 
four banks of RAM by determining which bank receives a 
RAS input. During refresh (RFSH = LOW) the decoder 
mode is changed to four-of-four and all banks of memory 
receive a RAS input for refresh in response to a RASI 
active LOW input. CAS is inhibited during refresh. 


Burst mode refresh is accomplished by holding RFSH LOW 
and toggling RASI. 


Ai5 is a dual function input which controls the refresh 
counter's range. For 64K RAMs it is an address input. For 
16K RAMs it can be pulled to +12V through 1KQ to 
terminate the refresh count at 128 instead of 256. 


BLOCK DIAGRAM 


BD001230 


ADVANCED INFORMATION 


Am2964C 
@ Uses ECL internal circuitry with IMOXx!M processing 


to offer higher performance 


@ Plug-in replacement for Am2964B 


*'C' version incorporates higher speed/plug in compatability 
IMOX is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 


Leadiess Chip Carrier 


CD001540 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


RAS2 1 

RAS; 2 40 RAS, 

Rast 3 39 RASo 
RSELy 4 38 Ag 
RSEL; 5 37 Oo 


ee | 
SELON 3 a 


E 


a 
i. 2 
Pea 
me 
re, 


i" 


if 


Mich Pach, ale] “8 


MSEL 16 


Hh TachPucht: 


2 


DIE SIZE 0.156” x 0.143” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 
Am2964B DC, DCB, DM, DMB 


‘LC, LM, LMB 
Am2964C XC, XM 


Am2964B D Cc B 
L_ Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to +70°C) 
M — Military (-55°C to +125°C) 


Package 

D- 40-pin CERDIP (D-40-1) 

L—44-pin leadiess chip carrier (L-44-1) 
P—40-pin plastic DIP (P-40-1) 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Dynamic Memory Controller combination you wish. 
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Am2964B/Am2964C* 


Ao -A7 The low order Address inputs are used to latch eight Row Address inputs for the RAM. These inputs drive the outputs 
Oo - O7 when MSEL is HIGH. 
eee ee ae The RAM address outputs. The eight-bit width is designed for dynamic RAMs up to 64K. 
inverted contents of the 8-bit refresh counter. RFSH LOW also inhibits the CAS buffer pach chan - the mode of the 
or RASI (whichever occurs first). In burst mode refresh, RFSH may be held LOW and refresh accomplished by 
The refresh counter Clear input. An active LOW ie at CLR resets the refresh counter to all LOW (refresh address 
output to all HIGH). 
The Row Address Strobe Input. During normal memory ae oe selected a Decoder output RASo 
or RAS3 will go active LOW in espe nse to an active LOW input at RASI. During refresh ( = ag all Ag 
papi go LOW in response to = LOW. 
The Column Address Strobe. = acive aoe Pais at CASI will result in an active LOW output at CASO, unless a 
refresh cycle is in progress (RFSH 


PIN DESCRIPTION 
|_Pin No. |Name | 1/0 | Description : 
Ag-Ais5 The high order Address inputs are used to latch eight Column Address inputs for the RAM. These inputs drive the 
outputs Og -O7 when MSEL is LOW. . 

11 Ai5 Ai5 is a dual input. With normal TTL level inputs A;5 acts as address input A15 for 64K RAMs. If Aj5 is pulled up to 
+ 12V through a 1KQ resistor, the terminal count output. TC, will go LOW every 128 counts (for 16K RAMs) instead of 
every 256 counts. 

16 MSEL The Multiplexer-SELect input determines whether low order or high order address inputs appear at the multiplexer 

outputs Oo - 07. When MSEL is HIGH the low order address latches (Ap - A7) are connected to the outputs. When 
MSEL is LOW the high order address latches are connected to the outputs. 

RFSH The Refresh control input. When active LOW the RFSH input switches the address output multiplexer to output the 
RAS decoder from one-of-four to four-of-four so that all four RAS decoder outputs, RAS, RAS;, RAS2 and RAS3, go 
LOW in response to a LOW input at RASI. This action refreshes one row address in each of the four RAS decoded 
memory banks. The refresh counter is advanced at the end of each refresh cycle by the LOW-to-HIGH transition of 
toggling RASI. 
The Terminal Court output. A LOW output at TC indicates that the refresh counter has been sequenced through either 
128 or 256 refresh addresses de ogg We et . The TC output remains active LOW until the refresh counter is 

advanced by the rising edge of RASI or RESH. 

The address latch enable input. An active HIGH input at LE causes the two 8-bit address latches and the 2-bit RAS 
Select input latch to go transparent, accepting new input data. A LOW input on LE latches the input data which meets 
set-up and hold time requirements. 

RSELo and The RAS decoder Select inputs. Data (latched) at these i nus  (noemally Yaa. oe RES order A ahaa is decoded by the RAS Decoder 

RSEL; to "RAS Select" one of four banks of memory with 2 or RAS 

39, 40, RASo, Row Address Strobe outputs ae Each provides a Row Address Strobe for one of the four banks of memory. Each 

Ae FAS: will go active LOW only when selected b eee en and RSEL; and only when RASI goes active LOW. All RASo— 3 
outputs go active low in response RAST | goes LOW. 

The Column Address Strobe output. The aoe ci cee output strobes the Column Address into the dynamic 
RAM. CASO is inhibited during refresh (RFSH = LO 
RAS OUTPUT FUNCTION TABLE 


ADDRESS OUTPUT 
FUNCTION TABLE 


Ao-A7 
Ag-Ai5 


Refresh Address 
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> MMM OK 


ry xxzxxxx2zx 


The timing shown assumes that burst mode applications may power-down the Am2964B with the RAM. 
Therefore the counter is cleared prior to executing the refresh sequence. 


REFRESH ADDRESS COUNTER FUNCTION TABLE 


| Ais _| CLR | RFSH | RASI | TC [REFRESH COUNT] FUNCTION 
EO ee ee RRs oe aie Geos 
NC 


Peppa Te fe 
pe [ofp oo etme 
PaSRE Ss: gers 
Ce a 
iia ms ce i 
pele one 


* Through 1KQ resistor. 


BURST REFRESH TIMING 


Senerens 


b> > > ie i> > a 


ererrecz 


os serereer 
ee a eee 


% xx2xrxrrzrsr=z 
R Cxrrrzrzs 
Ro zczzzzzz 


_— 
3 
_ 
8 
J 
N 
N 


z zzzrITITIIII 
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_ Am2964B/Am2964C* 


APPLICATION 
Architecture 


The Dynamic Memory Controller (DMC) provides address 
multiplexing, refresh address generation and RAS/CAS con- 
trol for the MOS dynamic RAM memories of any data width. 
The eight bit address path is designed for 64K RAMs and can 
be used with 16K RAMs. 


Sixteen address input latches and two RAS Select latches (for 
higher order addresses) allow the DMC to control up to 256K 
words of memory (with 64K RAMs) by using the internal RAS 
decoder to select from one-of-four banks of RAMs. 


Speed With Minimum Skew 


The DMC provides Schottky speed in all of the critical paths. In 
addition, time skew between the Address, RAS and CAS paths 
is minimized (and specified) by placing these function on the 
same chip. The inclusion of the CAS buffer allows matching of 
its propagation delay, plus provides the CAS inhibit function 
during RAS - only refresh. 


input Latches 


The eighteen input latches are transparent when LE is HIGH 
and latch the input data meeting set-up and hold time 
requirements when LE goes LOW. In systems with separate 
address and data buses, LE may be permanently enabled 
HIGH. 


Refresh Counter 


The 8-bit refresh counter provides both 128 and 256 line 
refresh capability. Refresh control is external to allow maxi- 
mum user flexibility. Transparent (hidden), burst, synchronous 
or asynchronous refresh modes are all possible. 


The refresh counter is advanced at the LOW-to-HIGH transi- 
tion of RFSH (or RASI). This assures a stable counter output 
for the next refresh cycle. The counter will continue to cycle 
through 256 addresses unless reset to zero by CLR. This 
actually causes all outputs to go HIGH since the output MUX is 
inverting. (Address inputs to outputs are non-inverting since 
both the input latches and output MUX are inverting). 


64K WORD X 22-BIT MEMORY 


OATA MEMORY 
UPPER BYTE LOWER BYTE 


EOC UNIT 


OATA BUS 


AF000810 


Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by using one 
device for address lines and one device for RAS/CAS, spreading the CAS loading over four drivers to equalize the 


capacitive load on each driver. 


Figure 1. Dynamic Memory Control with Error Detection and Correction 
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Refresh Terminal Count 


The refresh counter also provides a Terminal Count output for 
burst mode refresh applications. TC normally occurs at count 
255 (0p to 07 all LOW when RFSH is LOW). TC can be made 
to occur at count 127 for 128 line burst mode refresh by pulling 
Ais up to +12V through a 1K922+10% resistor. The counter 
actually cycles through 256 with TC determined by Ajs5. 
Otherwise, A;5 functions as an address input when. driven at 
normal TTL levels. 


Three Input 8-Bit Address Multiplexer 


The address MUX is 8-bits wide (for 64K RAMs) and has three 
data sources: the lower address input latch (Ao to A7), the 
upper address input latch (Ag to A;5) and the internal refresh 
counter. The lower address latch is selected when MSEL is 
HIGH. This is normally the Row address. The upper address 
latch is selected when MSEL is LOW. This is normally the 
Column address. The third source, the refresh counter, is 
selected when RFSH is LOW and overrides MSEL. 


When RFSH goes LOW, the MUX selects the refresh counter 


address and CASO is inhibited. Also, the RAS Decoder 


function is changed from one-of-four to four-of-four so all RAS 
outputs RASo-RAS3 go LOW to refresh all banks of memory 
when RASI goes LOW. When RFSH is HIGH only one RAS 
output goes low. This is determined by the RAS Select inputs, 
RSELo and RSELj. In either case the RAS Decoder output 
timing is controlled by RASI to make sure the refresh count 
appears at 09-07 before RASo-RAS3 go LOW. This assures 
meeting Row address Set-up time requirement of the RAM 
(taspr)- 

Maximum Performance System 


The typical organization of a maximum performance 16-bit 


system including Error Detection and Correction is shown in. 


Figure 1. Delay lines provide the most accurate timing and are 
recommended for RAS/MSEL/CAS timing in this type of 
system. 


Controlling 16K RAMs or Smaller Systems 


16K RAMs require seven address inputs and 128 line refresh. 
Also, Ao is often used to designate upper or lower byte 


transactions in 16-bit systems. These modifications are shown | 


in Figure 2. 


WORDS 
0-16K 


16-32K 
32-48K 


48-64K 


AF000350 


*Ao Controls Byte Select Logic 


Figure 2. Word Organized Memory Using 16K RAMs 
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Am2964B/Am2964C* — 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ............e eee eeee eee -65°C to + 150°C Commercial (C) Devices ; 
Ambient Temperature under Bias ......... -55°C to +125°C Fomperature®. aci03.3.6. As) ade | 
Supply Voltage to Ground Potential Supply Voltage iia.) scien B28 at 

SOP IOUE sack 2k. ek A urea vy euees ce ete -0.5V to +7.0V i 

DC Voltage Applied to Outputs For wise ahh somakite ee 

Pir COOUNUT IAUG.. cores sep. ciescetuderevecss -0.5V to Vcc Max Supply Voltage BOL BES IUOS. Hie SRST 


Be exert ine Outpu se EPS FSS Se ~0.BV Ose Operating ranges define those limits over which the function- 
. Into Ouipitee. aaasriiGlanG ims ality of the device is guaranteed. 

ie DUI GUIDE... «ios stec spsuncs veg whereas 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Test Conditions Typ 
Parameters Descriptions (Note 1) (Note 2) 
T 


VOH Output HIGH Voltage Vin = Vin or Vit 
lo =-imA ibe es Se 


Voc = MIN 
VOH Output HIGH Voltage Vin = Vinw_ or Vir eens Volts 
lon =-15mA P 
= os olts 
VoL Output LOW Voltage Voc = MIN TC, lou = 16mA 


Vin = Vin or Vit 
: = 8mA Volts 


Guaranteed input logical HIGH 
Input HIGH: level voltage for all inputs 
Guaranteed input logical LOW 
soma ei faba voltage for all inputs 


input Clamp Voltage Voc = MIN, lin =-18MA 


a 
5 


Voc = MAX CASI, MSEL, RFSH 


ie Input LOW Current Vin = 0.4V 


z 
a 


z 
= 
on 
m 
a 
: 


Input HIGH Current Vin = 2.7V 


D 
7 
m 
& 
= 
m 


Voc = MAX 
Vin = 5.5V 


Voc = MAX 


Input HIGH Current 
Vin = 5.5V 


: 


> 


LE 


ae 
Sa 
ra 


Voo= MAX (Nate 9 
| 
Power Supply Current COM'L 
nes 
“i 


Ai5 connected to +12V through 
Ais Enable Current 1KQ+ 10% i 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. loc is worst case when the Address inputs are latched HIGH, the refresh counter is at terminal count (255), RASI and CASI are 
HIGH and all other inputs are LOW. 


wo 
> > 


3 
> 


rs, 
> 


-& @ 
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SWITCHING CHARACTERISTICS over operating range for C, = 50pF 


Am2964B (Notes 5, 6) 


cont 
Parameter ac eere oF cont 


——E j to | -Ay-t0-O} Delay —-- Delay 
| 2 | ten | RAST to RAS) (AFSH=H) a 
| 3 | tem | RAS RAS AFSH-) 
dtp -MSEL-to 10) 
————— b MGEL-t01Op< ont ha 
lor tra ee IS Aa =H) 
| 7 | tea | SEL; to RAS) (LE=H, RASI=L) i Bee AS tn Sn 
|e tn | RSH tO TCA“ ee 
[eee ms eae Se ee eee = 
pte | FAS (APS ty 
Etew. =| RABI = HiAPSA =] | 
fteo | FSH tO ASI=9 


= eee 
2 2S SS ees ee 
Sas ori eh 
Pia [Aw Ho Tine 
a rs 
ee 
Cc as 
een [0 
een [0 
27 [wen [0 
Tse Lo 


COMMERCIAL 


MILITARY 


sOp96cwiy /gro6cwiy 


—_ 


=. ee NIG, el 
~N 


Nn 
ok 
~N 
—- 


9 


N 


~N 
i) 


pS 


at 


* 


Notes: 5. Minimum spec limits for tow, ts and ty are minimum system operating requirements. Limits for tgxEw and tpp are 
guaranteed test limits for the device. 

6. All AC parameters are specified at the 1.5V level. 

7. RFSH inhibits CASO during refresh. Specification is for CASO inhibit time. 

8. Oj to RAS) (RFSH = HIGH) skew is guaranteed maximum difference between fastest RASI to RAS; delay and slowest 
A; to Oj delay within a single device. O; to CASO skew is maximum difference between fastest | to CASO delay 
and slowest MSEL to Oj delay within a single device. See application section entitled Memory Cycle Timing for 
correlation to System Timing requirements. 

9. Oj; to RAS; (RFSH = LOW) skew is guaranteed maximum difference between fastest RASI to RAS; delay and slowest 
RFSH to Oj delay within a single device. See application section on Refresh Timing for correlation to system refresh 
timing requirements. 

10. O; to RAS; (MSEL= 1) skew is guaranteed maximum difference between fastest MSEL  t_ to Oj delay and 
slowest RASI to RAS; delay within a single device. 


0 


—s 
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Am2964B (Notes 5, 6) 


|teo | A 


Description 
A; to Oj Delay 

= | to RAS| (RFSH = ) 

to RAS; (RFSH = L) 
MSEL to Oj 
MSEL to Oj 
CASI to CASO (RFSH = H) 
RSEL; to RAS; (LE =H, RAS! =L) 
RFSH to TC (RASI =L) 
RAS! to TC (RFSH = L) 
RASI = L (RFSH = L) 
RASI = H (RFSH = L) 
RFSH to Oj; (RASI = x) 
= H to RAS; (RASI = L) 


Am2964B/Am2964C* 


pa =L ASO =L, Note 7) 
LE to Oj 
LE to RAS; 
CLR to TC 
CLR to O; (RFSH =L) 
Aj to LE Set-Up Time 
Aj to LE Hold Time 


SS See RSEL; to LE Set-Up Time 

— 23-| ty ORSEL to LE How Time 

ook yg OE Realy Tn CLR Recovery Time 

Ef een | Oe BIS ESE = ne 8} 0; to RAS; (RFSH =H, Note 8) 

| 26 | tskew | Qj to | Oto CASO (Note 8) po: =e eee 8) 

| a7 | texew | Oj to | 0; to RAS| (AFSH=L, Note 9) (RFSH =L, Note 9) 
Ta | texew | Oj to RAS) (MSEL= 1, Note 10) | Q; to RAS| (WSEL= tL, Note 10) 


Notes on Testing 


oe 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 


1.Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 


2.Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


3.Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


Conditions 


Cy = 150pF 


SWITCHING CHARACTERISTICS over operating range for C, = 50pF 


=| 
. 


COMMERCIAL MILITARY 


Test 


Typ 


mM | hh 
NIN 


mM 


7 


a 
~ 
mM 
™N 


oO 
™N 


_ 

iy) 
mM 
™N 


= § 
MN 
@o 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 


4.Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vj. 
or Viy until the noise has settled. AMD recommends using 
Vit S0.4V and Vip = 2.4V for AC tests. 


5.To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 


6.To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2964C (Notes 5,6) 


Parameter troy 
Aj to Oj | -Ar-t0-O) Delays —— 
| RASI to RAS) (AFSH=H) iC Si to | RASI to RAS) (AFSH=H) iC (RFSH oe ee ee 


| RASI to RAS) (AFSH=L) FSH av eee ere 


a Pe afi X) 


FASI CASI = =L, Note 7) 


a 


= to Oj (RFSH = L) 
Aj to LE Set-Up Time 
Aj to LE Hold Time 
RSEL; to LE Set-Up Time 
RSEL; to LE Hold Time 
CLR Recovery Time 
Oj; to RAS; (RFSH =H, Note 8) 
Oj; to CASO (Note 8) 
Oj; to RAS; (RFSH =L, Note 9) 
Oj; to RAS; (MSEL= 1, Note 10) 


ERE ii 
| al 


colt 


colt 


= 50pF 


SWITCHING CHARACTERISTICS over operating range for Cy = 50pF 


COMMERCIAL 


in 


sOp96cwly /aro6cwy 


Notes: 5. Minimum spec limits for tow, ts and ty are minimum system operating requirements. Limits for tsxew and tpp are 


guaranteed test limits for the device. 


6. All AC parameters are specified at the 1.5V level. 


7. RFSH inhibits CASO during refresh. Specification is for CASO inhibit time. 


8. Oj to RAS| (RFSH = HIGH) skew is guaranteed maximum difference between fastest RASI to RAS; delay and slowest 
Aj to Oj delay within a single device. O; to CASO skew is maximum difference between fastest CASI to CASO delay 
and slowest MSEL to Oj delay within a single device. See application section entitled Memory Cycle Timing for 


correlation to System Timing requirements. 


. Oj to RAS; (RFSH = LOW) skew is guaranteed maximum difference between fastest RASI to R ASj delay and slowest 
” RESH to Oj; delay within a single device. See application section on Refresh Timing for correlation to system refresh 


timing requirements. 


10. Oj to RAS; (MSEL = ~L) skew is guaranteed maximum difference between fastest MSEL 1_to Oj delay and 
slowest RASI to RAS; delay within a single device. 
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SWITCHING CHARACTERISTICS over operating range for C, = 150pF 
Am2964C (Notes 5,6) 


COMMERCIAL MILITARY 


conte 
conte 


|teo | A 


Description 
Aj to O; Delay 

RASI to RAS) (RFSH = H) 
RASI to RAS) (RFSH = L) 
MSEL to Oj 
MSEL to Oj 
CASI to CASO (RFSH = H) 
RSEL; to RAS; (LE =H, RASI = L) 
RFSH to TC (RASI =L) 
RASI to TC (RFSH = L) 
RASI = L (RFSH = L) 
RASI = H (RFSH = L) 
RFSH to O; (RASI = X) 
—— H to RAS; (RASI = L) 


Am2964B/Am2964C* 


tPHL 


tPHL 


Sr ae 
7 | te | 


ase 
(RASI = a CxS = 


LE to Oj 


=L, Note 7) 


tPHL LE to RAS; 
CIR to TC 


CLR to O; (RFSH =L) 
Aj to LE Set-Up Time 
Aj to LE Hold Time 
Reet Ss cece mean to LE Set-Up Time 
ee to LE Hold Time 


aa 


i 
3 
\|3 


Oj; to Se BS AES“ te ———————— H, Note 8) 

Oj; to | Oto CASO-(Note 8) Cd a 8) 

O; to | 0; to RAS; (AFSH=L, Note9) (RFSH =L, Note 9) 
O; to RAS; | 0; to RAS) (MSEL= 1, Note 10) | 0; to RAS) (MSEL= 1, Note 10) Note 10) 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 


1.Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Voc changes. 


2.Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


3.Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


Cy = 150pF 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 


4.Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vi, 
or Vip until the noise has settled. AMD recommends using 
Vit S0.4V and Vip 2 2.4V for AC tests. 


5.To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 


6.To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2964B/Am2964C* | 


mk 


MEMORY CYCLE TIMING 


The relationship between DMC specifications and system 
timing requirements are shown in Figure 3. Ty, To and T3 
represent the minimum timing requirements at the DMC inputs 
to guarantee that RAM timing requirements are met and that See RAM data sheet for applicable values for tRaH, tasc and 
maximum system performance is achieved. tasR. 


The minimum requirement for Ty, To and T3 are as follows: 


T MIN = tRAH + tog 
ToMIN = Ty + tag + tasc 
T3MIN = taspr + tas 


COLUMN ADORESS VALIO 


\ 
= GUARANTEED MAX DIFFERENCE BETWEEN FASTEST RASI TO RAS; DELAY W\\) 
ANO THE SLOWEST A, TO 0) DELAY ON ANY SINGLE DEVICE. \ 
(26)= GUARANTEED MAX DIFFERENCE BETWEEN FASTEST CASI TO CASO DELAY 6) 


AND THE SLOWEST MSEL TO 0; DELAY ON ANY SINGLE DEVICE. 


(s)= GUARANTEED MAX DIFFERENCE BETWEEN FASTEST MSEL AND O; DELAY 
AND THE SLOWEST RAS! TO RAS; OELAY ON ANY SINGLE DEVICE. 


WF001920 


a. Specifications Applicable to Memory Cycle Timing 


ROW ADORESS VALID COLUMN ADDRESS VALID 


WF001930 


b. Desired System Timing 
Figure 3. Memory Cycle Timing 
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REFRESH CYCLE TIMING 


The timing relationships for refresh are shown in Figure 4. 
T4 minimum is calculated as follows: T4 = tasp + to7 


.Ov96zTwy /argezuly 


REFRESH ADORESS VALID 


WF001940 


a. Test Waveforms 


D066 Coc 
sree 
tasr 


4 MAAN 


= GUARANTEED MAX DIFFERENCE BETWEEN FASTEST RASI TO 
RAS; DELAY AND SLOWEST RFSH TO 0; DELAY ON 
ANY SINGLE DEVICE. 


WF001880 


b. Desired System Timing 


Figure 4. Refresh Timing 
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Am2965/Am2966 


Am2965/Am2966 — 


Octal Dynamic Memory Drivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


Controlled rise and fall characteristics 

Internal resistors provide symmetrical drive to HIGH 
and LOW states, eliminating need for external series 
resistor. 

Output swings designed to drive 16K and 64K 
RAMs 

VOH guaranteed at Vcc -1.15V. Undershoot going 
LOW guaranteed at less than 0.5V. 


@ Large capacitive drive capability 
35mA min source or sink current at 2.0V. Propaga- 
tion delays specified for 50pF and 500pF loads. 
Pin-compatible with 'S240 and 'S244 
Non-inverting Am2966 replaces 74S244; inverting 
Am2965 replaces 748240. Faster than 'S240/244 
under equivalent load. 
No-glitch outputs 
Outputs forced into OFF state during power up and 
down. No glitch coming out of three-state. 


GENERAL DESCRIPTION 


The Am2965 and Am2966 are designed and specified to 
drive the capacitive input characteristics of the address and 
control lines of MOS dynamic RAMs. The unique design of 
the lower output driver includes a collector resistor to 
control undershoot on the HIGH-to-LOW transition. The 
upper output driver pulls up to Vcc - 1.15V to be compati- 
ble with MOS memory and is designed to have a rise time 
symmetrical with the lower output's controlled fall time. This 
allows optimization of Dynamic RAM performance. 


The Am2965 and Am2966 are pin-compatible with the 
popular 'S240 and 'S244 with identical 3-state output 
enable controls. The Am2965 has inverting drivers and the 
Am2966 has non-inverting drivers. 


The inclusion of an internal resistor in the lower output 
driver eliminates the requirement for an external series 
resistor, therefore reducing package count and the board 
area required. The internal resistor controls the output fall 
and undershoot without slowing the output rise. 


These devices are designed for use with the Am2964 
Dynamic Memory Controller where large dynamic memo- 
ries with highly capacitive input lines require additional 
buffering. Driving eight address lines or four RAS and four 
CAS lines with drivers on the same silicon chip also 
provides a significant performance advantage by minimiz- 
ing skew between drivers. Each device has specified skew 
between drivers to improve the memory access worst case 
timing over the min and max tpp difference of unspecified 
devices. 


BLOCK DIAGRAM 


Am2965 


BD001180 


BD001190 
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CONNECTION DIAGRAM 
Top View 


Am2965 


CD001440 


Note: Pin 1 is marked for orientation 


Am2965 


DIE SIZE 0.094” x 0.060” 


ORDERING INFORMATION 


Device number, speed option (if applicable), package type, operating range and 


4-67 


METALLIZATION AND PAD LAYOUT 


Leadiess Chip Carrier 


Am2966 


DIE SIZE 0.094” x 0.066” 


AMD products are available i in several packages and operating ranges. The order number is formed by a combination of the following: 


screening option (if desired). 


Am2965 Valid Combinations 
Am2966 D Cc PC 
L_ Screening Option DC, DCB, DM, 
Blank — Standard processing Am2965 DMB 
B - Burn-in Am2966 FM, FMB 
Temperature (See Operating Range) LC, LM, LMB 
C -Commercial (0°C to +70°C) XC, XM 
M - Military (-55°C to + 125°C) 
Package 
D- 20-pin CERDIP (D-20-1) 
F—-20-pin flatpak (F-20-1) 
L-20-pin leadiess chip carrier (L-20-1) 
P—20-pin plastic DIP (P-20-1) 
aire Valid Combinations 
Device type Consult the AMD sales office in your area to 
Octal Dynamic Memory Drivers determine if a device is currently available in the 
with Three-state Outputs combination you wish. 
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Am2965/Am2966 


APPLICATION 


DATA MEMORY CHECK 
UPPER BYTE LOWER BYTE BITS 


Am2965/ 
Am2966 


TIMING 
LOGIC 


Cae 


° OATA BUS 


’ 
AF000400 


*Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. 


DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES | 


Storage Temperature ....................00005 -65°C to +150°C Commercial (C) Devices 
Temperature (Ambient) FRUMIOIAUNG .. «5c Risers es 0°C to +70°C 

CGE: PMS cin. ccs aceite msec eines Wiles -55°C to +125°C Supply Voltage.........csscccecesceeeeedees +4.75V to +5.25V 
Supply Voltage to Ground Potential 

RPS oss asp mee es ho sd nae -0.5V to +7.0V 
DC Voltage Applied to Outputs For 

High Output State... os...) ccccccccccseeees -0.5V to Vcc Max 
DC Input Voltage... ...5..50 Sis cie ce ccc eessae tebe -0.5V to +7.0V 
DC Output Current, Into Outputs ......................0.. 
De GUITQIIE os oe asia das nct ec ca is 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
TOMOFIN or. ceive be vv ccntney ndccdeus’ -55°C to +125°C 
SSE VO es er icc cck cs cackacsscencs +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


pronto | oocinone | "nem || a | uae | ume 
Parameters Descriptions (Note 1) (Note 2) 


Input Clamp Voltage Voc = MIN, lin =-18mA io Ey 
| | DATA eae 
: esis AAP i escape (c-Si 


Volts 
Volts 


_ Volts 
Volts 


| tH _| Input HIGH Current Voc = MAX, Vin = 2.7V 
| | Input HIGH Current Voc = MAX, Vin = 7.0V 


Off-State Current Vo = 0.4V 
Output Sink Current VoL = 2.0V 
Output Source Current VOH = 2.0V 


Output Short Circuit Current > ae -60 


Off-State Current Vo = 2.7V 


All Outputs HIGH 
All Outputs LOW Voc = MAX 
Am2965 ee 
All Outputs. Hi-Z 
All Outputs HIGH 
Am2966 All Outputs LOW Voc = MAX — 
Outputs Open _. 
All Outputs Hi-Z Pua.7P 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Icc “Supply Current 
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Am2965/Am2966. 


SWITCHING TEST CIRCUIT 


"tpg specified at C= 50 and 500pF. 
Figure 1. Capacitive Load Switching. Figure 2. Three-State Enabie/Disable. 


TYPICAL OUTPUT DRIVER 


OUTPUT TO 
RAM ADDRESS 
OR CONTROL 
LINES 


GND 
TC000520 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


eee ae conor |_| 6 | Wow 4 

ropagation Delay Time from TO. =50pF | re bo gee ee ae 
= ee Figure 1 Test Circuit fl 
C. = 500pF 

Pisa @ Votiege Level: oe ie Sake eye ee ae 

Propagation Delay Time from saa dds rea Fi ieee a ee Sete te 

‘PHL HIGH-to-LOW Output SRS ee ee ees ee ee ee ae 

| C= sor [18 | 2 | 

Output Disable Time from Figures 2 and 4, S=1 tae oe SS Se 

a: | ee Figures 2 and 4, S=2 Bey RS Se ae 


Output Enable Time from Figures 2 and 4, S=1 ea 
Cra] LO gues 2 and 4, S= 2 ene 


i +3.0 
j tsew Output-to-Output Skew Figures 1 and 3, C_ = SOpF aoe (Note 5) Pe 


+0.5 
ops Oe  S054 | Velie 
SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 6) 


Parameters Description | Min 
; Propagation Delay Time Bee ele C_ = 50pF ek ie ae es 
PLH LOW-to-HIGH Output 9 C.=500pF| 18 | 35 
: : Propagation Delay Time Bs aes C= SOpF eee oe ee 
PHL HIGH-to-LOW Output 9 C= 500pF 

Output Disable Time from | Cia ene 


Output Enable Time from 
Output Voltage Undershoot Figures 1 and 3, C,, = 50pF 


Notes: 4. Typical time shown for reference only — not tested. 
5. Time Skew specification is guaranteed by design but not tested. 
6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
7. To =-55 to +125°C for Flatpak versions. 
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TYPICAL SWITCHING CHARACTERISTICS 
VOLTAGE WAVEFORMS 


3.0V 


INPUT 


1.5V 


WF002120 


tr = tt = 2.5ns 
f = 2.5MHz 
tow = 200ns 


Figure 3. Output Drive Levels. 


The RAM Driver symmetrical output design offers significant 
improvement over a standard Schottky output by providing a 
balanced drive output impedance (2502 both HIGH and 
LOW), and by pulling up to MOS Voy levels (Vcc - 1.5V). 
External resistors, not required with the RAM Driver, protect 
standard Schottky drivers from error causing undershoot but 
also slow the output rise by adding to the internal R. 


LOAD CAPACITANCE C, — pF 


Figure 5. tp_y for Vou = 2.7 Vol vs. C_. 


3.0V 
eer 1.5V 1.5V 
ov 
0.5V Vou 
ov 
Voc 
0.5V VoL 
WF002130 
tr = ty = 2.5ns 
f = 1MHz 
tow = 800ns 


Figure 4. Three-State Control Levels. 


The RAM Driver is optimized to drive LOW at maximum speed 
based on safe undershoot control and to drive HIGH with a 
symmetrical speed characteristic. This is an optimum ap- 
proach, because the dominant RAM loading characteristic is 
input capacitance. 


The curves shown below provide performance characteristics 
typical of both the inverting (Am2965) and non-inverting 
(Am2966) RAM Drivers. 


LOAD CAPACITANCE C, — pF 


Figure 6. tpy_ for Vo_ = 0.8 Volts vs. C_. 


The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums 
and maximums are shown for worst.case design. The typical band is provided as a guide for intermediate capacitive loads. 
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Am2968 


Am2968 


Dynamic Memory Controller (DMC) 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


Provides control for 16K, 64K, and 256K dynamic RAMs 
Outputs directly drive up to 88 DRAMs, with a guaran- 
teed worst-case limit on the undershoot 
Highest-order two address bits select one of four banks 
of RAMs 


@ Separate output enable for multi-channel access to 
memory 

@ Supports scrubbing operations and nibble-mode access 

@ 48-pin dual in-line package 


GENERAL DESCRIPTION 


The Am2968 Dynamic Memory Controller (DMC) is intend- 
ed to be used with today's high performance memory 
systems. The DMC acts as the address controller between 
any processor and dynamic memory array, using its two 9- 
bit address latches to hold the Row and Column addresses 
for any DRAM up to 256K. These latches, and the two 
Row/Column refresh address counters, feed into a 9-bit, 4- 
input MUX for output to the dynamic RAM address lines. A 
2-bit bank select latch for the two high-order address bits is 
provided to select one each of the four RAS; and CAS; 
outputs. 


The Am2968 has two basic modes of operation, read/write 
and refresh. In refresh mode, the two counters cycle 
through the refresh addresses. If memory scrubbing is not 
being implemented, only the Row Counter is used, generat- 
ing up to 512 addresses to refresh a 512-cycle-refresh 
256K DRAM. When memory scrubbing is being performed, 
both the Row and Column counters are used to perform 
read-modify-write cycles. In this mode all RAS; outputs will 
be active while only one CAS; is active at a time. 


BLOCK DIAGRAM 


RELATED PRODUCTS 


[Part No. |Description 
16-Bit Error Detection and Correction Unit 


plan Memory Timing Controllers 
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CONNECTION DIAGRAM 
Top View 
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CHIP PAK™M 
L-52-1 


oo nrnonwnek WN = 


CD004182 


CD005050 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


amzoee 8 


L— Screening Option PC, PCB 
B - Burn-in waste Am2968 DC, DCB 
Blank — Standard processing DMB 


Commercial (C) Devices 
Military (M) Devices 


Package 
D- 48-pin Hermetic DIP 
P—48-pin plastic DIP 


Valid Combinations 

Device Type Consult the AMD sales office in your area to 
DMC determine if a device is currently available in the 
combination you wish. 


CHIP PAK is a registered trademark of Advanced Micro Devices, Inc. 04564B 
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PIN DESCRIPTION 


‘eee Address Inputs. Ag — Ag are latched in as the nine-bit Row Address for the RAM. These inputs drive Qo - Qg when the 


Am2968 is in the Read/Write mode and MSEL is LOW. Ag - A17 are latched in as the Column Address, and will drive 
Qo -Qg when MSEL is HIGH and the DMC is in the Read/Write mode. The addresses are latched with the Latch 
SELo, 
SEL; 
14 LE ee 
MSEL bs 


Enable (LE) signal. 


Bank Select. These two inputs are normally the two higher-order address bits, and are used in the Read/Write mode 
to select which bank of memory will be receiving the RAS) and i Signals after RASI and CASI go HIGH. 


Latch Enable. This active-HIGH input causes the Row, Column, and Bank Select latches to become transparent, 
allowing the latches to accept new input data. A LOW input on LE latches the input data, assuming it meets the setup 
and hold time requirements. 


Multiplexer Select. This input determines whether the Row or Column Address will be sent to the memory address 
inputs. When MSEL is HIGH the Column Address is selected, while the Row Address is selected when MSEL is LOW. 
The address may come from either the address latch or refresh address counter depending on MGo 3. 


Chip Select. This active-LOW input is used to enable the DMC. When CS is active, the Am2968 operates normally in 
all four modes. When CS goes HIGH, the device will not enter the Read/Write mode. This allows other devices to 
access the same memory that the DMC is controlling (e.g., DMA controller). 


Output Enable. This active-LOW input enables/disables the output signals. When OE is HIGH, the outputs of the DMC 
enter the high-impedance state. The OE signal allows more than one Am2968 to control the same memory, thus 
providing an easy method to expand the memory size. 
Mode Control. These inputs are used to specify which of the four o 
description of the four operating modes is given in. Table 1. 


Address Outputs. These address outputs will feed the DRAM address inputs, and provide drive for memory systems 
up to 500 picofarads in capacitance. 


Row Address Strobe Input. During normal memory cycles, the decoded RASj output (RAS, RAS;, RAS», or RAS3) is 
forced LOW after receipt of RASI. In either Refresh mode, all four RAS) outputs will go LOW following RAS! going 
HIGH. : 


Row Address Strobe. Each one of the Row Address Strobe outputs provides a RAS; signal to one of the four banks of 
dynamic memory. Each will go LOW only when selected by SEL and SEL, and only after RASI goes HIGH. All four go 
LOW in response to RASI in either of the Refresh modes. 


Lae CASI Pe Column Address Strobe Input. This input going active will cause the selected CAS; output to be forced LOW. 


46, 44, 30, ee |. | Column Address Strobe. During normal Read/Write cycles the two select bits (SELo, SEL) determine which CAS; 
28 


7 


= 
S 
= 
g 


perating modes the DMC should be using. The 


™N 

z| & 

om] 1 
O 
@ 


47, 45, 31, 


a 


© 


output will go active following CASI going HIGH. When memory scrubbing is performed, only the CAS; signal selected 
by CNTRo and CNTR; will be active. For non-scrubbing cycles, all four CAS; outputs remain HIGH. 


Table 1. Mode Control Function Table 


Refresh without Scrubbing. Refresh cycles are performed with only the Row Counter being used to generate 
addresses. In this mode, all four RAS; outputs are active while the four CAS; signals are kept HIGH. 


Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the Row and Column counters 
generating the addresses. MSEL is used to select between the Row and Column counter. All four RAS; go active in 
response to RASI, while only one CAS; output goes LOW in response to CASI. The Bank Counter keeps track of 
which CAS; output will go active. This mode is also used on system power-up so that the memory can be written with 
a known data pattern. 


Read/Write. This mode is used to perform Read/Write cycles. Both the Row and Column addresses are latched and 
multiplexed to the address output lines using MSEL. SEL and SEL, are decoded to determine which RAS; and CAS; 
will be active. > 


Clear Refresh Counter. This mode will clear the three refresh counters (Row, Column, and Bank) on the HIGH-to- 
LOW transition of RASI, putting them at the start of the refresh sequence. In this mode, all four RAS; are driven LOW 
upon receipt of RAS! so that DRAM wake-up cycles may be performed. 


04564B 
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ADDRESS OUTPUT FUNCTION TABLE 


LCS | wei] Mcol MseL | Mode | MUX Output 
ee ee en A ee 


Column Counter Address 
Refresh with Scrubbing 
—_ Row | Row Counter Address Address 
— ope eee Address Latch 
Read/Write 
| Row Address Latch si Address Latch 
a a Pe Refresh without Scrubbing Row Counter Address 


— Column Counter Address 
Refresh with Scrubbing 
1 Row | Row Counter Address Address 


eee eon i dea 
Lt jt | X | Clear Refresh Counter | Zero 


RAS OUTPUT FUNCTION TABLE 


aan Sagrona aap 
eT ae cr ee ea 
Pepe Pe ae sey bo fo pepo 


| roa Write 


Tis a fe ae 
oe ies 
[Refresh with Scrubbing | 0 | 0 | 0 | 0 | 
Read Wete ie beedeal 1d 
[Clear Refresh Counter | 0 | 0 | o | 0 | 


a | ee | in Li 
TST es wT ta [em fo RB TRS, | On 
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Am2968 


APPLICATION 
ARCHITECTURE 


The Am2968 provides all the required data and refresh 
addresses needed by the dynamic RAM memory. In normal 
operation, the Row and Column addresses are multiplexed to 
the dynamic RAM by using MSEL, with the corresponding 
RASj and CAS; signals activated to strobe the addresses into 
the RAM. High capacitance drivers on the outputs allow the 
DMC to drive four banks of 16-bit words, including a 6-bit 
checkword, for a total of 88 DRAMs. 


INPUT LATCHES 


For those systems where addresses and data are multiplexed 
onto a single bus, the DMC has latches to hold the address 
information. The twenty input latches (Row, Column, and Bank 
Select) are transparent when Latch Enable (LE) is HIGH and 
will latch the input data meeting setup and hold time require- 
ments when LE goes LOW. For systems where the processor 
has separate address and data buses, LE may be permanently 
enabled HIGH. 


REFRESH COUNTERS 


The two 9-bit refresh counters make it possible to support 128, 
256, and 512 line refresh. External control over what type of 
refresh is to be performed allows the user maximum flexibility 
when choosing the refreshing scheme. Transparent (hidden), 


burst, synchronous or asynchronous refresh modes are all 
possible. 


The refresh counters are advanced at the HIGH-to-LOW 
transition of RASI. This assures a stable counter output for the 
next refresh cycle. 


REFRESH WITH ERROR CORRECTION 


The Am2968 makes it possible to correct single-bit errors in 
parallel with performing dynamic RAM refresh cycles. This 
"scrubbing'' of memory can be done periodically as a back- 
ground routine when the memory is not being used by the 
processor. In a memory scrubbing cycle (MC; 9 = 01), the 
Row Address is strobed into all four banks with all four RAS; 
outputs going LOW. 


The Column Address is strobed into a single bank with the 


activated CAS; output being selected by the Bank Counter. 


This type of cycle is used to simultaneously refresh the 
addressed row in all banks and read and correct (if necessary) 
one word in memory; thereby reducing the overhead associat- 
ed with Error Detection and Correction. When doing refresh 
with memory scrubbing, both the Row and Column counters 
are multiplexed to the dynamic RAM address lines by using 
MSEL. Using the Refresh with Memory Scrubbing mode 
implies the presence of an error correcting facility such as the 
Am2960A EDC unit. When doing refresh without scrubbing, all 
four RAS; still go LOW but the CAS; outputs are all driven 
HIGH so as not to activate the output lines of the memory. 


Figure 1. 
a. One Megaword Dynamic Memory with Error Detection and Correction 


Am2968 
DYNAMIC 
MEMORY 

CONTROLLER 


MEMORY 

CONTROL Am2969 
MEMORY 

QO TIMING 


CONTROLLER 


EDC. CONTROL 


> DATA BUS 3 
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b. One Megaword Dynamic Memory 


ADDRESS Am2968 

DYNAMIC 

HEBREWS, es os 
CONTROLLER 


Am2970 
MEMORY 
TIMING 
CONTROLLER 


TIMING CONTROL 


To obtain optimum performance and maximum design flexibili- 
ty, the timing and control logic for the memory system has 
been kept a separate function. For systems implementing 
Error Detection and Correction, the Am2969 Memory Timing 
Controller (MTC) provides all the necessary control signals for 
the Am2968, Am2961/62 EDC Bus Buffers, and the Am2960A 
EDC unit (See Figure 1a). Systems not using EDC, can use the 
Am2970 MTC to provide the control for the Am2968 (See 


Figure 1b). Both the Am2969 and Am2970 Memory Timing | 


Controllers use a delay line to provide the most accurate 
timing reference from which the control signals are derived. 


DECOUPLING 


Due to the high switching speeds and high drive capability of 
the Am2968, it is necessary to decouple the device for proper 
operation. (See Fig. 2a) Recommended values for decoupling 
capacitors are between 0.01uF and 1uF. For example to filter 


ONE MEGAWOARD «x 16-BiT 
MEMORY 


eo DATA BUS A 


AF000800 


noise at different frequencies we can make C; =0.01uF in 
parallel with a 1uF and Co = 0.01puF. It is important to mount 
the capacitors as close as possible to the power pins (Vcc, 
GND) to minimize lead inductance and noise. 


MEMORY EXPANSION 


With a 9-bit address path, the Am2968 can control up to one 
megaword memory when using 256K dynamic RAMs. If a 
larger memory size is desired, the DMC's chip select (CS) 
makes it easy to double the memory size by using two 
Am2968s. Memory can be increased in one megaword incre- 
ments by adding another DMC unit. A four-megaword memory 
system implementing EDC is shown in Figure 3. 


VonP 


The guaranteed maximum undershoot voltage of the Am2968 
is —-0.5 volts. Vonp is measured with respect to the ground of 
pin 38 (Fig. 2b). Note that the ground of the capacitive load 
must be the same as for pin 38. 


Figure 2. 


GND ie PIN 13 


Cy 


Vec 


GND it (PIN 38) 


TC001550 


Figure 2a. 


PIN 38 
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PIN 36 [ os hav 
Cc 


2 (DECOUPLING) 


TC001541 


Figure 2b. 
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ABSOLUTE MAXIMUM RATINGS 7 OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with 
Power Applied -55°C to +125°C 
Supply Voltage to Ground Potential 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcc max $ ° 
DC Input Voltage -0.5V to +5.5V sgn 
DC Output Current, Into Outputs tones 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits over which the function- 
RATINGS may cause permanent device failure. Functionality ality of the device is guaranteed. 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. . 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters Descriptions Test Conditions (Note 1) | Min | Typ | Max | Units | 
Voc = MIN COMM 2.7 
Output HIGH Voltage Voc MING. yi i 


lo. = 1mA 
Voc = MIN 
geipcveaie tind c2 el il 

Input HIGH Level repre y net logical HIGH voltage 

Input LOW Level paglgiue a logical LOW voltage 


Input Clamp Voltage Voc = MIN, lin = -18mMA 


See 

Pa 

ce see 

et on cnet (A ar 
nt woven (a — 
ai 

gibi 

Be vee 

pee Oa 

Siebceite 

pee 

eee 

cers 

Sees 


= 
Voc = MAX 


Notes: 1. For conditions shown as Min or Max, use the appropriate value specified under Operating Range for the applicable device type. 
2. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


VOH 
VOL 
ViH 
Vit 
Vv 
Ne 
lO 


Power Supply Current 
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SWITCHING CHARACTERISTICS over operating range for C, = 50pF 


COMMERCIAL AND 
MILITARY 


Test 
Conditions 


Description 


Aj to Qj Delay 
RASI to RAS; 
CASI to CAS; 
MSEL to Qj 
MC; to Q; 

LE to RAS; 
LE to CAS; 
MCG; to RAS; 


eo 
| teo 
tro | 
to | 
| teo | 
too | 
tro | 
SS MC; to CAS; 
| te 
| tow. | 
| tewH | 
BE aes 
ad 
tee | 
[te 


Ty 


Gc 


Fig. 4 and 6 
C. = 50pF 


7 


LE to Q; 
RASI, CASI 
RASI, CASI 
Aj to LE 
Aj to LE 


tPWL 


15 
16 
17 


CS to RAS; 

Cy. = 50 
SEL; to. RAS; . Z 
SEL; to CAS; 

SEL; to LE 

tH SEL; to LE 


ees 

ft | 

| tsKew | Qj to RAS; (MC; = 10) 
Q 

| tsKew | 

| tskew_| 


19 


. 


; to RAS; (MC; = 00,01) 
Qj to RAS; 


PLZ Output Disable Time Fig. 5 and 7 
Mtpuz | From LOW, HIGH 


Output Enable Time 

Fig. 5 and 7 
Mtpzu | From LOW, HIGH * 
Output Undershoot Voltage Fig. 4 and 6 


V 
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SWITCHING CHARACTERISTICS over operating range for C. = 150pF 


Test 
Parameter Description Conditions 


L 


17 


Ft, TA® OG Dey 

Peo | RAS ORAS 

Png | eee 

hho | Mee 
t 


a 


Fig. 4 and 6 
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COMMERCIAL AND 
MILITARY 
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SWITCHING CHARACTERISTICS over operating range for Cy = 500pF 


COMMERCIAL AND 
Test MILITARY 
Parameter Description Conditions Typ 
12 


Mtep | Ai to Q; Delay ee ae 
Mie | RASI to RAS, de | 
CASI to GAS 


| tpp | MSEL to Q 
| tpp | MC to Q 
| tpp | LE to RAS, 
| tpp — | LE to CAS; 
-tpo. = MC; to RAS; 
MC; to CAS; 


APD} 
| tpp | LE to Qj 
town 


tPpWL RASI, CASI 
RASI, CASI 
| ts | Aj to LE 
l ty | Aj to LE 
E tees CS to Q; 
| tpp | CS to RAS; 

17 | eo 
Cy. = 500pF 

| ppt SEL; to RAS; 
| tpp | SEL; to CAS; 
l tg |: SEL to LE 
lty | SEL to LE | 
Qj to RAS; (MC; = 10) 
Qj to RAS) (MC; = 00,01) 
Qj to RAS; 
Qj to CAS; 


Output Undershoot Voltage Fig. 4 and 6 


Fig. 4 and 6 


Cy = 500pF 
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SWITCHING TEST CIRCUIT Z 

) © 
2 
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Ss 
ee 


TC000490 ~ TC000510 
"tog specified at C_ = 50, 150 and 500pF 


Figure 4. Capacitive Load Switching. Figure 5. Three-State Enable/Disable. 


TYPICAL SWITCHING CHARACTERISTICS 
VOLTAGE WAVEFORMS TYPICAL OUTPUT DRIVER 


OUTPUT TO 
RAM ADORESS 
OR CONTROL 
LINES 


GND 


TC000500 
WF002122 


Figure 6. Output Drive Levels. 


THREE-STATE TIMING 


PHZ tezH 
(OISABLE) (ENABLE) 


(HIGH IMPEDANCE) 


‘piz pz 
(DISABLE) (ENABLE) 
WFR02941 


Note: Decoupling is needed for all AC tests 


Figure 7. Three-State Control Levels. 
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The RAM Driver symmetrical output design offers significant The RAM Driver is optimized to drive LOW at maximum speed 
improvement over a standard Schottky output by providing a based on safe undershoot control and to drive HIGH with a 


Am2968 


balanced drive output impedance (*25Q both HIGH and symmetrical speed characteristic. This is an optimum ap- 
LOW), and by pulling up to MOS Voy levels (Vcc - 1.5V). proach because the dominant RAM loading characteristic is 
External resistors, not required with the RAM Driver, protect input capacitance. 


standard Schottky drivers from error causing undershoot but 
also slow the output rise by adding to the internal R. 


Am2968 Dynamic Memory Controller Timing 
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MEMORY CYCLE TIMING 


The relationship between DMC specifications and system 
timing requirements are shown in Figure 8. T;, To and T3 
represent the minimum timing requirements at the DMC inputs 
to guarantee that RAM timing requirements are met and that 
maximum system performance is achieved. 


RAS: 


GUARANTEED MAX DIFFERENCE BETWEEN FASTEST RAS! TO RAS DELAY 
ANO THE SLOWEST A, TO Q, DELAY ON ANY SINGLE DEVICE 
GUARANTEED MAX DIFFERENCE BETWEEN FASTEST MSEL TO O, DELAY 
ANO THE SLOWEST RASI TO RAS, DELAY ON ANY SINGLE DEVICE 
GUARANTEEO MAX OF FERENCE BETWEEN FASTESY CAS: TO CAS, DELAY 
ANO THE SLOWEST MSEt TO O, DELAY ON ANY SINGLE DEVICE 


®@® 


Yt 


Figure 8. Memory Cycle Timing 
a. Specifications Applicable to Memory Cycle Timimg (MC; = 1, 0) 


fa 


; ie oe Leos 
@ azo 


b. Desired System Timing 


: | RE ae 
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The minimum requirement for T;, T2 and T3 are as follows: 
Ti MIN = tasp, + too 


To MIN = tran + tog 
Tg MIN = To + to5 + tasc 


Pg 
> 
D 
© 


See RAM data sheet for applicable values for taay, tasc and 
taSR: 


WF003281 
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REFRESH CYCLE TIMING | T4 minimum is calculated as follows: 
The timing relationships for refresh are shown in Figure 9. T4 MIN = tasp, + tog 


Figure 9. Refresh Cycle Timing 
a. Specifications Applicable to Refresh Cycle Timing (MC; = 00, 01) 


XXXX) 90,65 COLUMN ght Ie ADORESS 
oS 


pia OE a aaa ie 


WAAR 


GUARANTEED MAX DiF FERENCE BETWEEN FASTEST RASI TO RAS, DELAY 
AND THE SLOWEST A; to Q; DELAY ON ANY SINGLE DEVICE 


- GUARANTEED MAX DIFFERENCE BETWEEN FASTEST RASI TO RAS, DELAY 
AND THE SLOWEST MC, TO Q, DELAY ON ANY SINGLE DEVICE 


- GUARANTEED MAX DIFFERENCE BETWEEN FASTEST MSEL TO Q: DELAY 
ANO THE SLOWEST RASI TO RAS, DELAY ON ANY SINGLE DE VICE 


GUARANTEED MAX DIFFERENCE BETWEEN FASTEST CASI TO CAS, DEL AY 
AND THE SLOWEST MSEL TO O, DELAY ON ANY SINGLE DEVICE 


WF003271 


b. Desired Timing: Refresh with Scrubbing 


mC, =O 


eae crea) 


WF001981 
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REFRESH CYCLE TIMING 


Figure 9. Refresh Cycle Timing (Cont.) 


c. Desired Timing: Refresh without Scrubbing 


Po 


4 


WF003251 


NANOSECONDS VERSUS PICOFARADS Example: For a system capacitive load of 250pF, add the 
delay associated with 100pF from the table to the AC specs 

To help calculate how the AC performance of the DMC will done at 150pF. 

vary for capacitive loads other than 50, 150, and 500pF refer 

to the table below. 


Change in Propagation Delay 
versus Loading Capacitance 
_ (TYPICAL) 
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Dynamic Memory Timing Controller 


ADVANCED INFORMATION 


@ Provides complete timing control for 64K/256K memory 
systems which utilize the Am2960, Am2961/62, and 
Am2968 : 

® Supports byte-writes up to 32-bits wide 


The Am2969 is a high-performance Memory Timing Con- 
troller (MTC). The Am2969 is designed to be used in 
memory systems which use the Am2968 Dynamic Memory 
Controller (DMC) as well as the popular Am2960 circuits for 
Error Detection and Correction (EDC). All of the control 
signals needed by the DMC and EDC circuits are generated 
by the Am2969 MTC. The EDC enable signals are config- 
ured for both word and byte operations including the data 
controls for byte write with error correction. 


Description 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


Am2960/60A __| 16-Bit Error Detection and Correction Unit 
Am2961/62 4-Bit Multiple Bus Buffers 
Am2968 Dynamic Memory Controller 


4-89 


@ Supports memory scrubbing during refresh 

@ Burst (up to 512-cycle), distributed, or hidden refresh 
@ Performs memory initialization 

@ Memory access/refresh request arbitration 


The Am2929 uses a delay-line to provide maximum flexibili- 
ty to the memory system designer as well as allowing him to 
achieve maximum performance. The delay-line is the timing 
reference from which the MTC generates the control 
signals. 


The Am2969 provides an internal refresh interval timer to 
generate refresh requests independent of the CPU. This 
guarantees proper refresh timing under all combinations of 
CPU and DMA requests. 


BD001910 
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Ao, Ai 


CYCREQ 


5] 


PIN DESCRIPTION 


ADDRESS BITS 0 and 1, Input 

These are the two least significant bits of the CPU 
address. They are used to control byte and 16-bit 
word operations. Ag and Aj are latched on the 
HIGH-to-LOW transition of CYCREQ. 

BUS RETRY MODE, Input 

When this input is LOW, the Am2969 enters the 
Bus Retry Mode. In this mode the INTERR and 
INTACK pins assume the BERR and HALT func- 
tions respectively. An explanation of the Bus Retry 
Mode is given in the "'Application'' section. 
BYTE/WORD, Input 

This input indicates a byte operation is to be 
performed when HIGH, and a word operation when 
LOW. 

CLOCK, Input 

For systems requiring synchronous arbitration of 
memory access and refresh requests, this input 
would receive the system clock. For asynchronous 
arbitration this input must be tied HIGH. 

CHIP SELECT, Input 

When CS is LOW, the MTC is enabled. A memory 
read/write cycle can only be performed when cs 
is active, while refresh cycles occur independent of 
CS. When CS is HIGH, all memory requests 
(HIGH-to-LOW transition of CYCREQ) will be inter- 
preted as refresh requests (''Hidden'' refresh). 
CYCLE REQUEST, Input 

When CS is LOW, this input will generate an 
internal memory request for the Am2969 or the 
HIGH-to-LOW transition of CYCREQ. 

DATA TRANSFER ACKNOWLEDGE, Output 
The HIGH-to-LOW transition of DTACK informs the 
CPU that a write cycle has begun, or that data will 
be on the system bus at the correct time during a 
read cycle. 

ERROR, Input 

When this signal goes LOW, it indicates that an 
error has occurred on a read cycle. This input 
should be connected to the ERR output of the 
Am2960 EDC unit. 

FORCED REFRESH, Input 

This input is used to force a refresh cycle at user- 
designated times. The falling edge of FR latches 
an internal refresh request. if the memory is busy, 
the refresh is done at the completion of the current 
cycle. 

HALF/FULL, Input 

This input indicates the relative size of the system 
bus with respect to the memory bus. It is HIGH if 
the system bus is half the memory width, and LOW 
if the system bus width is equal to the memory 
width. 

INTERRUPT ACKNOWLEDGE (BUS 

ERROR), Input (Output) 

When INTACK goes LOW it will reset the Interrupt 
Request (INTERR) output of the Am2969. In the 
Bus Retry Mode, this pin will act as the BUS 
ERROR output. An explanation for BERR is given 
in the "Application" section. 


INT/ 
NORM 


LEB 


LEI 


LEO/GEN 


MCo,1 


INTERRUPT ERROR (HALT), Output 

(Output) 

The INTERR output interrupts the processor if a 
single-bit error is detected in the ''Fly-By'’ mode, 
or if a multiple-bit error is detected in the Flow-Thru 
mode (see ''Application'’ section for descriptions 
of ''Fly-By'’ and ''Flow-Thru'' modes). In the Bus 
Retry Mode, this pin will act as the HALT output 
which is explained in the ''Application'' section. 
INITIALIZE/NORMAL, Input 

When the Am2969 detects a falling edge on this 
input, it will enter the initialize mode of operation. 
This allows the memory to be initialized easily with 
a minimum of CPU overhead. When this input is 
HIGH, normal read/write and refresh cycles may 
be performed. 

LATCH ENABLE BUFFER, Output 

This output is intended to be connected to the LEB 
input of the Am2961/62 EDC Bus Buffers. It 
controls the latching of data going from the EDC 
Bus Buffers to the system bus. When LEB is HIGH, 
the latch is transparent; when LOW, the data is 
latched. 

LATCH ENABLE IN, Output 

This output is intended to be connected to the LE 
IN input of the Am2960 EDC unit. It controls the 
latching of data (data and check bits) into the EDC 
unit. The data is latched in when LEI is LOW. 
LATCH ENABLE OUT/GENERATE, Output 
This output is intended to be connected to the LE 
OUT and GENERATE inputs of the Am2960 EDC 
unit. LE OUT controls the latching of corrected 
data from the EDC into its output latch. GENER- 
ATE instructs the Am2960 to generate check bits 
for the data in its input latch. When LEO/GEN is 
HIGH, the latch is transparent; when LOW, data is 
latched and the EDC unit goes into the Check Bit 
Generation mode. 

MODE CONTROL BITS 0 AND 1, Output 
These outputs are connected to the MCo 1 inputs of 
the Am2968 DMC. They indicate the type of memory 
cycle to be performed, as shown in Table A. 


TABLE A. MODE SELECT TABLE 


Refresh without Scrubbing 


Refresh with Scrubbing or Initialize 
Read/Write 


4-90 


Clear Refresh Counter 


MULTIPLE ERROR, input 

This input identifies that a multiple error has been 
detected by the EDC unit. This input is intended to 
be connected to the MERR output of the Am2960. 
OUTPUT ENABLE BUS HIGH, LOW, Output 
These outputs are used when interfacing to a 
system bus, which can either be the same width as 
memory or half the width. They control the multi- 
plexing of the half-words on to the system bus from 
the EDC Bus Buffers. OEBH and OEBL are en- 
abled as shown in Table B. These outputs are 
intended to be connected to the appropriate OEB 
inputs of the Am2961/62. 


05221B 


Refer to Page 13-1 for Essential Information on Military Devices 


Osc 


TABLE B. OEB TRUTH TABLE 


X = Don't Care 


OUTPUT ENABLE HIGH AND LOW, Output 
These signals are used to select the appropriate 
output from the EDC Bus Buffers and EDC unit(s), 
when performing either byte writes or word writes 
when H/F is high. Ag and A; are decoded so that 
the selected byte or word may be written into 
memory. These signals are intended to be con- 
nected to the corresponding OE inputs of the 
Am2960 and OEY input of the Am2961/62. Table 
C shows how these outputs are enabled. 
OUTPUT ENABLE SYNDROMES, Output 

This output is intended to be connected to the OE 
SC input of the Am2960 EDC unit. It controls the 
feedback of the syndrome bits in the 32-bit and 64- 
bit modes. 

OSCILLATOR, Input 

This input signal is used to generate an internal 
refresh clock. It is this oscillator which initiates a 
refresh cycle if FR does not go active. The OSC 
signal may come from either external components 
(RC circuit) or a TTL clock source. 


RASI 


T1-10 


ROW ADDRESS STROBE INPUT, Output 

This output is connected to the RASI input of the 
Am2968 DMC. It is used to start a memory access 
for the DMC. The RASI output is also connected to 
the delay line to start the timing sequence. The 
rising edge of RASI initiates both actions. 
REFRESH MODE, input 

These inputs control the type of refresh cycle the 
Am2969 is supposed to initiate, as specified in 
Table D. 

READ/WRITE, Input 

This input indicates a memory read request when 
HIGH, and a write request when LOW. 
SELECT, Output 

The S output is intended to be connected to the S 
input of the Am2961/62 EDC Bus Buffers. It 
controls the source of data for the Am2960 EDC 
unit. When HIGH, data comes from the system 
bus; when LOW, data comes from memory. 
SUPPRESS, Input 

When SUP is driven LOW, it will inhibit access to 
memory by disabling WE. It can be used to prevent 
illegal access in memory-access-protected sys- 
tems. 

TIMING TAPS, Input 

These inputs are the positive-edge triggered timing 
tap outputs from the timing reference (delay-line). 
They provide the necessary timing information for 
the Am2969 to control memory cycles. Definition 
of the ten timing taps is given in Table E. 
WRITE ENABLE, Output 

When WE is LOW, it causes data to be written into 
memory. WE is inhibited if SUP is LOW, or if a 
multiple error is encountered during a read-modify- 
write cycle. 


TABLE C. OUTPUT ENABLE TRUTH TABLE 


0 0 
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[at | Ao [OER; [OERa|OEL, [OL | cycle Type 


0 


oo+-|;ooo 


Se 
ch [meme 


=) 


Not Scrubbing/Not Burst 
Not Scrubbing/128-Cycle Burst 
Not Scrubbing/256-Cycle Burst 
Not Scrubbing/512-Cycle Burst 


Scrubbing/Not Burst 
Scrubbing/128-Cycle Burst 
Scrubbing/256-Cycle Burst 
Scrubbing/512-Cycle Burst 


Full Word Write 


Byte Write 
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TABLE E. TIMING TAP DEFINITION TABLE 


oe a ee ae 
Controls when DTACK will go active during read cycles. 


Identified when ERR flag is valid during a read cycle. 
Also used to control when the RAS outputs of Am2968 
should be taken HIGH for read and full-word write 


cycles. 


Indicates that corrected data is available at output of 
EDC unit during a read cycle with a single-bit error. 


Controls when DTACK will go active during read-modify- 
write cycles. 


identifies when data and check bits are available on the 
memory bus during write cycles. 


identifies when corrected data and check bits are 
available on the memory bus during read-modify-write 


cycles. 


Identifies when a new memory cycle may begin after a 
read or write cycle has been performed. 


Controls when RAS outputs of DMC should go HIGH for 
read-modify-write cycles. 


Identifies when a new memory cycle may begin after a 
read-modify-write cycle has been performed. 


APPLICATION 
ARCHITECTURE 


The Am2969 MTC is designed to replace much of the MSI 
"'glue'' logic which is commonly necessary in controlling 
dynamic memory systems. It is responsible for controlling/ 
arbitrating memory access and refresh, error detection and 
correction processes, and handshaking with the processor. 
The Am2969 supports both multiplexed and demultiplexed 
buses by controlling the output enable signals of the EDC Bus 
Buffers. 


The Am2969 performs seven basic types of memory cycles — 
READ WITHOUT ERROR, READ WITH ERROR, FULL 
WORD WRITE, PARTIAL WORD WRITE, REFRESH, SCRUB- 


BING, and INITIALIZE. The cycles READ WITHOUT ERROR, ~ 


FULL WORD WRITE, REFRESH, and INITIALIZE are normal 
(read/write) accesses to memory, while the others require 
extended (read-modify-write) accesses. 


ARBITRATION: SYNCHRONOUS vs 
ASYNCHRONOUS 


The Am2969 arbitrates between processor (read/write) and 
refresh requests for a memory cycle. If both the refresh and 
processor cycle are requested at the same time, the proces- 
sor request is serviced, first followed by the refresh request. A 
third type of access, memory initialization, is given priority over 
both processor and refresh requests. It is possible for the 
arbiter to be either synchronous with the system clock, or 
asynchronous. Synchronous arbitration requires that the in- 
puts requesting memory, FR and CYCREQ, be clocked into 
the Am2969 by using the CLK input. In this mode, CYCREQ 
and FR are examined on the negative edge of CLK. When 
CLK is not used (tied HIGH), the AM2969 detecis is absence 
and enters the asynchronous mode. In this mode the first 
memory request to occur will be serviced, but not until after an 
internal delay to avoid metastable states. 


4-92 


7 |Indicates that valid data is available from memory at 
inputs of EDC unit during read cycles. 


FLOW-THRU vs FLY-BY READ CYCLES 


The simplest way to use error-correcting memory is to extend 
all read cycles long enough to have single-bit errors detected 
before the data transfer acknowledge (DTACK) is asserted. In 
this way, cycles can be extended by the Am2969 on detection 
of a single-bit error with no external logic. When a multiple-bit 
error is detected, the processor is interrupted and an error- 
handling subroutine can be initiated. The problem with this 
type of ''flow-thru'’ operation is that faster memory must be 
used to allow for the single-bit error flag to become valid 
before asserting DTACK. If faster memory is unavailable or 
undesirable, wait-states may have to be inserted into the read 
cycle and memory bandwidth is compromised. 


In ''fly-by'' operation, the assumption is made that all reads 
will result in correct data; therefore, DTACK is asserted earlier 
in the cycle, which results in improved memory bandwidth. The 
processor will be interrupted whenever an error occurs. 


One problem associated with fly-by operation comes from 
DTACK being asserted prior to ERR going active when a 
single-bit error is detected. In this case, the processor will be 
receiving incorrect data unknowingly. To correct this situation, 
additional logic may be required to cause the processor to 
accept the ''true'’ corrected data. 


The Am2969 determines whether flow-thru or fly-by opera- 
tions should be performed by checking the relationship of T 
and To. The Fly-By mode is entered when T; occurs before 
To, and the flow-thru mode is identified by T2 going LOW prior 
to Ty. 


BUS RETRY MODE 
lf the system processor can support a bus retry request, the 


Am2969 has a read access mode which offers the best of 
flow-thru and fly-by operation. 
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In this mode, read cycles are normally performed as fly-by. 
_ However, instead of interrupting the processor when a single- 
bit error is encountered, the Am2969 requests the last cycle to 
be "'rerun'' by asserting BERR and HALT simultaneously. An 
internal status flip flop is set which reserves the next proces- 
sor request for a read cycle to the same location. On this 
access, DTACK is delayed until the erroneous data has been 
corrected. If a multiple error is detected, BERR is asserted and 
the processor can enter an error recovery subroutine. 


MEMORY INITIALIZATION 


Error-correcting memories are normally initialized to avoid the 
read errors associated with memory which powers up in a 
random state. The Am2969 facilitates this procedure via the 
INIT/NORM input. The data pattern written to memory can 
either be all zero, using the INITIALIZE mode of the Am2960, 
or any desired pattern present on the system bus during the 
first memory cycle of the initialize routine. 


Upon entering the INITIALIZE mode, the Am2969 performs 
eight "wake-up" cycles and then 22° write/refresh cycles. 
Upon completion of the initialization, the Am2969 begins 
normal memory arbitration. 


REFRESH OPERATIONS 


The Am2969 can support a variety of refresh schemes. The 
type of refresh is controlled via the RMo_o2 inputs. Basic 
refresh types include distributed, as well as 128-, 256- or 512- 
cycle burst. 


Figure 1. Hidden Refresh Cycle 


The internal refresh request is controlled by the FR input, or 

the output of the internal oscillator as follows: 

@ in the burst mode of operation, the FR input is always the 
refresh clock. . 

@ The FR input can also be used as the refresh clock in the 
distributed refresh (non-burst) mode. However,.the internal 
oscillator takes over as the refresh clock if it goes through 
three cycles without a LOW level appearing on the FR 
input. This provision allows the primary refresh clock (FR) 
to be interrupted while it is in the HIGH logic state, and for 
refresh. operations to be resumed at the internal oscillator 
frequency. ) 

@ It is also possible to use the on-chip oscillator as the 

refresh clock in distributed refresh mode. In this case, the 

FR input should be tied HIGH. However, since the on-chip 

oscillator is asynchronous to the external CLK input, it is 

necessary to provide a synchronous refresh clock via the 

FR input if synchronous arbitration is desired. 


The Am2969 has the ability to increase memory bandwidth by 
inserting refresh requests when the processor is accessing 
other devices or performing |/O operations (CYCREQ = LOW, 
CS = HIGH). A hidden refresh can only be performed once 
every refresh clock period, and occurs only with distributed 
refreshing. When a hidden refresh is performed, the Am2969 
will skip the next refresh request. Figure 1 shows the timing 
involved to perform a hidden refresh cycle. 


Depending on the system configuration and operation, it is 
possible for the DRAM to appear ''static,"' providing that a 
hidden refresh can be performed every refresh clock period. 
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Am2969 


MEMORY ERROR SCRUBBING 


Memory scrubbing is a housekeeping operation in which 
memory is checked for errors during normal refresh opera- 
tions. On each refresh cycle, one memory location is read, 
checked for errors, and if necessary, corrected and written 
back to memory. This is a preventative operation to minimize 
the amount of error accumulation. If the processor is not 
attempting to access memory during a scrubbing cycle, the 


processing throughput for that cycle is increased over that of a — 


system not implementing scrubbing. This is made possible 
because a non-scrubbing system forces the processor to wait 
after an error is detected, to allow the corrected data to be 
written back to memory. This occurs during a normal read 


OYNAMIC 
MEMORY 
CONTROLLER 


MEMORY 
CONTROL Am2969 
MEMORY 
@ TIMING 
CONTROLLER 
CPU 
WTERFACE 


One Megaword Dynamic Memory System 
with Error Detection and Correction 


EDC CONTROL 


Am2961/ 
Am2962 Am2960A 
EDC BUS BUFFERS EDC UNIT 
(4) 


cycle. For a scrubbing system, the extra time needed to write 
corrected data back into memory can be "hidden'’ from the 
processor since this occurs during refresh. 


Once the ERR signal goes LOW during a scrubbing cycle, the 
Am2969 extends the cycle by not issuing DTACK. The writing 
of corrected data back into memory is accomplished by 
controlling the output enables of the EDC unit and EDC Bus 
Buffers. The Am2969 is also responsible for having the 
Am2968 DMC perform a write cycle so that the corrected data 
can be written into the same memory location. If a multiple-bit 
error is encountered during a scrubbing cycle, WE will be 
inhibited. The total time required to ''scrub'' a one-megaword 
memory of all single-bit errors is 16 seconds (assuming one 
refresh cycle every 16 psec). 
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Am2970 


Dynamic Memory Timing Controller 


ADVANCED INFORMATION 


@ Provides complete timing control for 64K/256K memory 


Controller 
@ Supports extended cycle timing needed for byte-write 
operations 


The Am2970 is a high-performance Memory Timing Con- 
troller (MTC). The Am2970 is designed to be used in 
memory systems which use the Am2968 Dynamic Memory 
Controller (DMC). 


All of the control signals needed by the DMC are generated 
by the Am2970 MTC. 


The Am2970 uses a delay-line to provide maximum flexibili- 
ty to the memory system designer as well as allowing him to 


2 END OF CYCLE 
LOGIC 


DISTINCTIVE CHARACTERISTICS 


systems which utilize the Am2968 Dynamic Memory 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


RELATED PRODUCTS 


@ Internal or external control of refresh 

® Burst (up to 512-cycle), distributed, or hidden refresh 
@ Memory access/refresh request arbitration 

@ 24-pin 0.3” space-saving package 


achieve maximum performance. The delay-line is the timing 
reference from which the MTC generates the control 
signals. 


The Am2970 provides an internal refresh interval timer to 
generate refresh requests independent of the CPU. This 
guarantees proper refresh timing under all combinations of 
CPU and DMA requests. 


DECODE 


BD001130 


Description 
Am2968 Dynamic Memory Controller 
Am2971 Programmable Event Generator 
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Am2970 


B/W 


CLK 


YCRE 


MC; 


Osc 


RASI 


RMo,1 


PIN DESCRIPTION 


BYTE/WORD, Input ; 

This input indicates a byte operation is to be 
performed when HIGH, and a word operation when 
LOW. When B/W is LOW, the Am2970 will provide 
an extended cycle so that a read-modify-write 
operation can be performed. 

CLOCK, Input 

For systems requiring synchronous arbitration of 
memory access and refresh requests, this input 
would receive the system clock. For asynchronous 
arbitration, this input must be tied HIGH. 

CHIP SELECT, Input 

When CS is LOW, the MTC is enabled. A memory 
read/write cycle can only be performed when cs 
is active, while refresh cycles occur independent of 
CS. When CS is HIGH, all memory requests 
(HIGH-to-LOW transition of CYCREQ) will be inter- 
preted as refresh requests (''Hidden"' refresh). 
CYCLE REQUEST, Input 

When CS is LOW, this input will generate an 
internal memory request for the Am2970 on the 
HIGH-to-LOW transition of CYCREQ. 

DATA TRANSFER ACKNOWLEDGE, Output 
The HIGH-to-LOW transition of DTACK informs the 
CPU that a write cycle has begun, or that data will 
be on the system bus at the correct time during a 
read cycle. 

FORCED REFRESH, Input 

This input is used to force a refresh cycle at user 
designated times. The falling edge of FR latches 
an internal refresh request. If the memory is busy, 
the refresh is done at the completion of the current 
cycle. 

MODE CONTROL, Output 

This output should be connected to the MC; input 
of the Am2970. MCo of the Am2970 should be tied 
LOW. When MC; is HIGH, the Am2970 will per- 
form a read/write cycle; when LOW, refresh will be 
done. 

OSCILLATOR, Input 

This input signal is used to generate an internal 
refresh clock. It is this oscillator which initiates a 
refresh cycle if FR does not go active. The OSC 
signal may come from either external components 
(RC circuit) or a TTL clock source. 

ROW ADDRESS STROBE INPUT, Output 

This output is connected to the RASI input of the 
Am2970 DMC. It is used to start a memory access 
for the DMC. The RASI output is also connected to 
the delay line to start the timing sequence. The 
rising edge of RASI initiates both actions. 
REFRESH MODE, Input 

These inputs control the type of refresh cycle the 
Am2970 is supposed to initiate, as specified in 
Table A. 


1 
oo read cycles. 


Boe when DTACK will go active during 


Indicates that valid data is available from mem- 
ory during read cycles. 

Identifies when a new memory cycle may begin 
after a read or write cycle has been performed. 


Controls when RAS outputs of DMC should go 


W READ/WRITE, Input 


This input indicates a memory read request when 
HIGH, and a write request when LOW. 


P SUPPRESS, Input 


When SUP is driven LOW, it will inhibit access to 
memory by disabling WE. It can be used to prevent 
illegal access in memory-access-protected sys- 
tems. 


Tis TIMING TAPS, Input 


These inputs are the positive-edge triggered timing 
tap outputs from the timing reference (delay-line). 
They provide the necessary timing information for 
the Am2970 to control memory cycles. Definition 
of the eight timing taps is given in Table B. 
WRITE ENABLE, Output 

When WE is LOW, it causes data to be written into 
memory. WE is inhibited if SUP is LOW. 


TABLE A. REFRESH MODE SELECT TABLE 


Not Burst (Distributed) 


128-Cycle Burst 
256-Cycle Burst 
512-Cycle Burst 


TABLE B. TIMING TAP DEFINITION TABLE 


Controls when DTACK will go active during 


read-modify-write cycles. 


Identifies when data is available on the memory 
bus during write cycles. 


Identifies when valid data is available on the 
memory bus during read-modify-write cycles. 


HIGH for read-modify-write cycles. 


Identifies when a new memory cycle may begin 
after a read-modify-write cycle has been per- 
formed. 
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APPLICATION 
ARCHITECTURE 


The Am2970 MTC is designed to replace much of the MS! 
"glue" logic which is commonly necessary in controlling 
dynamic memory systems. It is responsible for controlling/ 
arbitrating memory access and refresh, and handshaking with 
the processor. The Am2970 also provides an extended (Read- 
Modify-Write) cycle which is needed for byte operations. 


ARBITRATION: SYNCHRONOUS vs 
ASYNCHRONOUS 


The Am2970 arbitrates between processor (read/write) and 
refresh requests for a memory cycle. If both the refresh and 
processor cycle are requested at the same time, the proces- 
sor request is serviced first, followed by the refresh request. A 
third type of access, memory initialization, is given priority over 
both processor and refresh requests. It is possible for the 
arbiter to be either synchronous with the system clock, or 
asynchronous. Synchronous arbitration requires that the in- 
puts requesting memory, FR, and CYCREQ be clocked into 
the Am2970 by using the CLK input. In this mode, CYCREQ 
and FR are examined on the negative edge of CLK. When 
CLK is not used (tied HIGH), the Am2970 detects its absence 
and enters the asynchronous mode. In this mode, the first 
memory request to occur will be serviced, but not until after an 
internal delay to avoid metastable states. 


REFRESH OPERATIONS 


The Am2970 can support a variety of refresh schemes. The 
type of refresh is controlled via the RMo,1 inputs. Basic refresh 


REFRESH 


REFRESH REFRESH 
PERFORMED PERFORMED 


_ types include distributed, as well as 128-, 256-, or 512-cycle 


Figure 1. Hidden Refresh Cycle 
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HIDDEN 
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burst. 


The internal refresh request is controlled by FR input, or the 

output of the internal oscillator as follows: 

@ In the burst mode of operation, the FR input is always the 
refresh clock. ; 

@ the FR input can also be used as the refresh clock in the 
distributed refresh (non-burst) mode. However, the internal 
oscillator takes over as the refresh clock if it goes through 
three cycles without a LOW level appearing on the FR 
input. This provision allows the primary refresh clock (FR) 
to be interrupted while it is in the HIGH logic state, and for 
refresh operations to be resumed at the internal oscillator 
frequency. 

@ It is also possible to use the on-chip oscillator as the 
refresh clock in distributed refresh mode. In this case, the 
FR input should be tied HIGH. However, since the on-chip 
oscillator is asynchronous to the external CLK input, it is 
necessary to provide a synchronous refresh clock via the 
FR input if synchronous arbitration is desired. 


The Am2970 has the ability to increase memory bandwidth by 
inserting refresh requests when the processor is accessing 
other devices or performing I/O operations (CYCREQ = LOW, 
CS = HIGH). A hidden refresh can only be performed once 
every refresh clock period, and occurs only with distributed 
refreshing. When a hidden refresh is performed, the Am2970 
will skip the next refresh request. Figure 1 shows the timing 
involved to perform a hidden refresh cycle. 


Depending on the system configuration and operation, it is 
possible for the DRAM to appear ''static,"' providing that a 
hidden refresh can be performed every refresh clock period. 
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Am2971 


Programmable Event Generator (PEG) - 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


© Twelve 32-bit programmable timing events, with regis- @ Programmable clock output (Fo) frequency - 1/5 or 1/10 
tered outputs of internal 100MHz clock 


@ Resolution between events down to 10ns @ Internal clock reference derived from either an external 
@ Up to eight programmable starting addresses to pick clock or crystal 
first event occurrence / @ 24-pin, 0.3” space saving package 


GENERAL DESCRIPTION 


The Am2971 is a high-performance Programmable Event circuits (Am2968 Dynamic Memory Controller, Am2969/70 
Generator (PEG). The PEG is a digital replacement for an Dynamic Memory Timing Controllers), as well as being 
analog delay-line. It replaces several different delay-lines, capable of generating up to 12 unique digital timing 
because the resolution of the output signals is user waveforms. The main advantage of the Am2971 is that all 
selectable. The high-speed timing outputs may be used to of the events are user programmable, versus the fixed, — 
contro! the Am2960 series of Dynamic Memory Support single event of a delay-line's outputs. 


BLOCK DIAGRAM 


NEXT ADDRESS/EVENT — 
GENERATOR 


START/STOP 
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Am8163/Am8 167 


Am8163/Am8167 


Dynamic Memory Timing, Refresh and EDC Controllers 


DISTINCTIVE CHARACTERISTICS 


Complete CPU to dynamic RAM control interface 
RAS/MSEL/CAS Sequencer to eliminate delay lines 
Complete EDC/data path controls for Word/Byte read 
or write 

Automatic write-back of corrected data and check bits 
when single errors are detected on any read cycle 


@ EDC error flag latches for error logging under software 
control 

® Two timing configurations support a broad range of 
processors (Z80, Z8000, 8086, 8088, MC68000) 


GENERAL DESCRIPTION 


The Am8163 and Am8167 are high speed bus interface 
controllers forming an integral part of the 8086 and 
AmZ8000* memory support chip set using dynamic MOS 
RAMs with Error Detection and Correction (EDC). The 
complete chip set includes the Am8284A and AmZ8127 
Clock Generators, the Am2964B Dynamic Memory Control- 
ler, the Am2961/62 EDC Bus Buffers, the Am2960 EDC 
Unit and Am2965/66 RAM Drivers. 


The Am8163 and Am8167 provide all of the control 
interface functions including RAS/Address-MUX/CAS tim- 
ing (without delay lines), refresh timing, memory request/ 


refresh arbitration and all EDC enables and controls. The 
enable controls are configured for both word and byte 
operations including the data controls for byte write with 
error correction. The Am8163/7 generates bus and operat- 
ing mode controls for the Am8160 EDC Unit. 


The Am8163/7 uses the AmZ8127 oscillator output to 
generate RAS/Address MUX/CAS timing. An internal re- 
fresh interval timer generates the memory refresh request 
independent of the CPU to guarantee the proper refresh 
timing under all combinations of CPU and DMA memory 
requests. 


BLOCK DIAGRAM 
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RELATED PRODUCTS 


Description 
Dynamic Memary Controle 
Error Correction Bus Butters 
Octal Dynamic Memory Driver 


Am2971 


*Z8000 is a trademark of Zilog. 
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CONNECTION DIAGRAM 
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Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 
Am8163 Am8167 
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DIE SIZE 0.185” x 0.156” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


DC, DCB, DM, 
DMB 
XC, XM 


DC, DCB 


Am8163 
Am8 167 D Cc B 
ae Screening Option 
Blank — Standard processing 
B - Burn-in 
Temperature (See Operating Range) 
C -Commercial (0°C to +70°C) 
M - Military (-55°C to + 125°C) 
Package 
D- 40-pin CERDIP (D-40-1) 
X- Dice 


Am8163 


Device type 
Dynamic Memory Timing, Refresh, 
and EDC Controller 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am8163/Am8 167 


PIN DESCRIPTION 


eT Se ee ern ee eee 
SOG RE Ce 5 ees = ee a 


Bus Control 


Clock. The CLK input determines memory cycle timing via the internal state machine from which the control outputs 
are derived. It is normally 16MHz for the Am8163 and 22MHz for the Am8167. The clock can run at lower frequencies, 
but not higher, because of other memory timing constraints. 


Refresh Clock. This input determines the period of the internal refresh interval ~ 16 timer and is normally 1MHz. This 
results in a refresh cycle every 16 microseconds. This provides an internal refresh request to guarantee valid memory 
data independent of other system operating modes, (memory request, DMA, etc.). 


Sak 

ae re ie 
Force Refresh. FR is used to force a refresh cycle at user-designated times. One example is transparent refresh 
during |/O operations. The refresh interval timer is reset so the next refresh occurs 16 RCLK cycles later if no other 


eae FR pulses occur. FR can be used to minimize collisions with memory requests, thereby reducing the amount of time 


the CPU waits for refresh. 


Transfer Acknowledge (open collector). This active LOW output indicates that corrected data has been latched in the 
Am8160 EDC output latch (as opposed to indicating data is valid on the system bus). 

Advanced Acknowledge (open collector). This active LOW output indicates that a memory access has started. It can 
asynchronous configuration should use XACK to control the CPU Ready input. 

Suppress. This active LOW input inhibits access to the RAM in memory access protected systems. It must be valid 
before the HIGH-to-LOW transition of DS to Suppress a read cycle. It must remain valid until after the cycle (RAS). 
This is required because SUP simply inhibits WE on a write and inhibits OEBH, OEBL, and OEBW on a read, without 
Data Strobe. This active LOW input is used during read cycles to generate OEBL, OEBH and OEBW. These signals 
contro! when data is enabled onto the system data bus. 

Address Bit 0. AO data input is latched internally on the LOW-to-HIGH transition of AS. It is used during byte 
operations to designate whether high byte or low byte data is being accessed. 
AO = LOW for high byte operations and AO = HIGH for low byte operations with the AmZ8000 Family CPU's. AO 


be used to run without wait states when the memory system timing is synchronous with the CPU clock. Multibus or 
eee halting the internal state generator. 
hasing is opposite for 8086 and inversion can be avoided by interchanging the roles of OEL and OEH (and OEBL and 
5EGH) 


Address Strobe. The AS input is used to control the AO latch. When HIGH, AO data is latched. For non-multiplexed 
buses, the AS input is tied LOW to make the latch transparent. 


Byte/Word. This input designates a byte operation if HIGH and a word operation if LOW. It must be valid throughout 
the memory transaction. The Am8163/7 uses this input to determine OEH and OEL. 


Read/Write. This input indicates a read operation when HIGH and a write operation when LOW. It must be valid 
throughout the memory transaction. The Am8163/7 uses this input to determine the outputs OEH, OEL, OEBH, OEBL, 
and SEBW. 


Memory/Input-Output. This signal_serves as an active HIGH chip select for memory operations. It_is used_in 
conjunction with CS to determine if STR is valid. It must be HIGH before the LOW-to-HIGH transition of STR if the STR 
input command is a pulse (AmZ8000). When using a level input (multibue)e start the cycle, M/IO must become valid 
no later than one clock period after the HIGH-to-LOW transition of : 


Chip Select. This active LOW input is one of the enables for the Am8163/7. It must be LOW before the LOW-to-HIGH 
transition of STR when using a pulse to start a memory access. When using a level input to start the cycle, CS must 
become valid no later than one clock period after the HIGH-to-LOW transition of STR. 


Start. This active LOW input can be a pulse or a level. It is used to indicate when memory access is requested, It must 
not extend past the LOW-to-HIGH transition of DS. 


| 
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Address Control 


Latch Enable. This output controls the LATCH ENABLE input of the Dynamic Memory Controller. When LE is HIGH, 

the DMC address input latch is transparent. When LE is LOW, the address is latched. This signal is AS inverted. 

Refresh. This active LOW output indicates a refresh operation is to be done. The Dynamic Memory Controller uses 
this signal to select the refresh address output. 
Row Address Strobe. This active LOW output strobes the row address into memory. The RAS HIGH-to-LOW transition 
occurs during to if STR, M/IO and CS have selected a memory cycle. Additionally, RAS will be active one t-state after 

MSEL Multiplexer Select. This output controls the row and column address selection in the DMC. When MSEL is HIGH, the 

row address is selected and when LOW, the column address is selected. MSEL is normally HIGH and goes LOW only 
during memory accesses. 
Column Address Strobe. This active LOW output strobes the column address into memory. It is generated only during 
memory accesses. 

Hs ince Ht 

“AE el a 


the RFSH HIGH-to-LOW transition occurs during refresh. The LOW-to-HIGH transition at the end of each cycle 
Error Logging and Control 


starts an internally timed RAS precharge time consisting of three t-states. 


Error. This active LOW signal from the Am8160 EDC indicates when an error has occurred. The Am8163 samples this 
input just before the HIGH-to-LOW transition of LEO. Single errors cause an automatic write-back of corrected data. 


Multiple Error. This active LOW signal from the EDC indicates when a multiple error has occurred. Write back to 
memory is inhibited if a MULTIPLE ERROR occurs on a read cycle. 


Latched Error. This active HIGH output is set HIGH as a result of the ERR input becoming active. LERR HIGH 
indicates an error has occurred. LERR is normally used to control error logging. It is reset when K goes LOW. 


Latched Multiple Error. This active HIGH output is set HIGH as a result of the MERR input. When HIGH, it indicates a 
multiple error has occurred. It is reset when ERRACK goes low. 


Interrupt Error (open collector). This active LOW output is used to interrupt the CPU when an error occurs. This can be 
used for diagnostics or error logging. INTERR has high output drive capability in order to drive system buses. 
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Error Logging and Control (Cont.) 


INTMERR Interrupt Multiple Error (open collector). This active LOW ou is used to interrupt the CPU when a multiple error 
occurs. This can be used for diagnostics or error logging. has high output drive capability in order to drive 


system buses. 


oe | ee Interrupt Acknowledge. This active LOW input resets both the INTERR and INTMERR signals. 
ERRACK Error Acknowledge. This active LOW input resets the error logging flags, LERR and LMERR. It is only effective when 
awe INTACK has previously cleared the interrupt flags, INTERA and INTMERR. 
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EDC Control 


Latch Enable Bus. LEB is used to latch corrected data in the external Am8161/2 EDC Data Bus Buffers. By latching 
data output to the system data bus, the CPU can be operated in a single-step mode. The data latch is required to 
capture data so the memory can be released for refresh immediately after a read (or write) cycle. 
Latch Enable Output. LEO is used to latch corrected data in the Am8160 EDC data output latch. Correct data is then 
available to regenerate correct check bits for the write portion of the read-modify-write cycle. LEO can also control 
LEY of the Am8161/2 EDC Data Bus Buffers (the input latch from the system data bus). This is required in systems 
where the CPU removes data from the system data bus before the Am8163/7 has completed a write cycle. 


Latch Enable Input. LEI is used to control the Am8160 EDC's input latch. It is normally LOW when a memory cycle is 
not in progress. This prevents transitions on the bus from toggling the EDC logic, thereby reducing power dissipation 
and system noise. LE! latches the input data so the EDC data bus (Y bus) can be TURNED AROUND WHILE the EDC 
is correcting the data. Cycle time is reduced by doing these functions in parallel. 


Select. This output controls the multiplexer that selects EDC input data. It is normally HIGH to select data from the 
system bus. When LOW, it selects data from memory. Since all cycles are a read-modify-writes, S switches every 
cycle. All memory operations take the same number of internal t-states. There is no difference in the length of a cycle 


on read or write, error or no error. 


pe ee Output Enable Bus High. OEBH output enables the high byte data onto the system data bus during byte read 


operations. It is used when interfacing to 8-bit data buses or the Multibus.* 


ee ae Output Enable Bus Low. OEBL output enables the low byte of data onto the system data bus during Byte Read 


operations. It is used when interfacing to 8-bit data buses or the Multibus. 

OEBW Output Enable Bus Word. OEBW output enables data onto the system data bus. It occurs on every read cycle 
independent of B/W. It is used for 16-bit systems or Multibus systems. 
Output Enable High. OEH controls the high byte of the EDC data bus (Y bus). When OEH is HIGH, the Am2961/62 are 
driving the bus. When OEH is LOW, the Am8160 EDC is driving the bus. is HIGH during word writes and goes low 
on reads and byte writes. ; 


Output Enable Low. OEL controls the low byte of the EDC data bus (Y bus). When HIGH, the Am2961/62's are driving 
the bus. When LOW, the Am2960 is driving the bus. OEL is HIGH during word writes and goes LOW on reads and byte 


writes. 


Other Controls 


Write Enable. WE controls the memory during a write operation. It is generated during a byte or word write and also 
during a read if a single error has occurred. always occurs at the end of the memory cycle. Thus, the RAM is 
always doing a late write. 

of slower RAMs. Note that affects the refresh cycle as well as the normal cycle. By adding external logic, the 
user may extend the cycle by 1, 2 or 3 t=states instead. This is done by keeping MCE low until 2, 3, or 4 clocks after 


MCE Memory Cycle Extend. This input is normally not used and is pulled up internally to produce "'normal'' timing. When 
MS for the 8163 or 2, 3, or 4 clocks after CAS for the 8167. 


tied LOW it extends the memory cycle (adds 5 to states for Am8163 and adds 4 tg states for Am8167). This allows use 
*Multibus is a registered trademark of Intel Corporation. 


FUNCTION TABLES 
Am8163/8167 
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L a 


gis Saar ak eee 
ee Re esSeoor cc 
SCS 2 ei rece 
Pa eA CA coat ye ON pts lar om Sh SI 
Por es Se ea 
Ieerrrris 


X 
X 
X 
X 
L 
L 
L 
L 
H 


6 CRS ake ae 
oe od Fee 


OEH and OEL are enabled by 
appropriate sequencer ''T'' states. 
(See Timing Diagram) 
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Am8163/Am8 167 


SYSTEM DIAGRAM 


Am81646 
OYNAMIC MEMORY CONTROLLER 


RAS! MSEL CASI 


a em Lae RAS MUX CAS 


CONTROL 


_ = 
INTERVAL 
cs 


LOGGING 
CONTROL 
REFRESH 
(FOR TRANSPARENT 
REFRESH DURING 
LO OR INTERNAL 
OPERATION) 
(AOOS ONE WAIT 
STATE FOR USE 
WITH SLOWER 
300ns RAMs) 


Am8163/67 DETAILED DESCRIPTION 


The Am8163/67 provides timing and control for Error Detec- 
tion and Correction (EDC) using dynamic Random Access 
Memories (RAM) together with the Am2960 family of EDC 
devices. See Table 1 to determine which device (Am8163/67) 
is best suited to which processor. 


The Am2960 family provides an optimized, but also flexible 
solution to the interface between MOS microprocessors and 
dynamic MOS RAMs. 


The Am2960 performs the function of error detection and 
correction, using a modification of the well-known Hamming 
Code algorithm. 


The Am2961 and Am2962 are bus buffers optimized for 
operation with the Am2960. 
TABLE 1. 


Amsi63 | _Am8167 


xx«K «KR KU KCK KOK KK 


Note: Where X's appear in both columns, either 
device may be used. 
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Am8 161/62 
EOC MULTIPLE 
OATA BUS 
BUFFERS 


INTERRUPT 
CONTROL 


The Am2964B performs address latching and multiplexing for 
the RAS/CAS sequence. It also contains a refresh counter 
that can be multiplexed onto the address outputs. 


The Am2965 and Am2966 are octal memory address bus 
drivers, similar and pin-compatible to the popular 74LS240 
and 74LS244, but with on-chip resistors that reduce the 
problem of undershoot on unterminated address lines. 


None of the above-mentioned circuits contain timing ele- 
ments. To achieve the greatest versatility, this function is 
concentrated in the Am8163. 


The Am8163/67 performs two independent functions: 


1. It provides timing and control to the Am2964B Dynamic 
Memory Controller, i.e., the RAS/CAS Refresh address 
multiplexer. 


2. It provides timing and control for the 2960, 2961, or 2962 
EDC circuits and interfaces with the microprocessor's 
interrupt lines and WAIT input. 


RAS/CAS and Refresh 


The Am8163/67 accepts several control signals from the 
microprocessor (BYTE/WORD, READ/WRITE, Address 
Strobe, Data Strobe, Memory/IO) and a Refresh clock signal 
from the clock generator. 


From these inputs, the Am8163/67 generates control signals 
for the 2964B RAS/CAS and Refresh multiplexer. 


The LE output, when HIGH, makes the 2964B input latches 
transparent. The HIGH-to-LOW transition of LE latches ad- 
dress information into the 2964B. 


The RAS output is activated when the appropriate combina- 
tion of STR, M/IO, and CS occur or when a refresh operation 
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is to be performed. MSEL goes LOW one clock period after 
RAS goes LOW. 


CAS goes LOW a short specified delay after MSEL goes LOW. 
RAS, MSEL and CAS go HIGH together, eight clock periods 
after RAS goes LOW. The RAS/CAS timing is thus derived 
from a high frequency (16MHz clock) without any monostables 
or delay lines. 


The Am8163 and Am8167 are comparable except for the CAS 
. timing sequence. 


The Am8163 timing is optimized for operation with a 4MHz 
microprocessor clock, derived from a 16MHz oscillator. The 
RAS to MS delay is one oscillator period (62ns) and the MS to 
CAS delay is combinatorial, 16ns minimum. 


The Am8167 timing is optimized for operation with a 5.5MHz 
microprocessor clock, derived from a 22MHz oscillator. The 
RAS to MS delay is one oscillator period (47ns) and the MS to 
CAS delay is also one oscillator period (47ns). 


Dynamic Memory Refresh 


The proper sequencing of refresh operations can be per- 
formed either by the CPU (transparent refresh) or by the 
memory controller (stand-alone refresh). 


Transparent refresh, as implemented in the Z80 and Z8000 
microprocessors is simple and avoids all memory contention, 
but it wastes processor time and is not fully compatible with 
DMA operation. 


"Stand-alone" refresh puts the responsibility of refresh ad- 
dress generation and timing on the memory controller. The 
Am8163/67 performs the necessary timing and access arbi- 
tration. The internal refresh interval timer generates a refresh 
request after every 16 clock pulses on the RCLK refresh clock 
input (typically 1MHz). When FR (force refresh) goes LOW, the 
+ 16 counter is cleared and the internal refresh request is 
generated. 


Refresh requests and memory requests are synchronized 
inside the Am8163/67 where the arbiter circuit resolves 
potential conflicts. If a refresh request occurs after a memory 
request or during a memory operation, this refresh request will 
be honored after the memory transaction is complete and the 
necessary additional precharge time has elapsed. 


Similarly, if a memory request occurs after a refresh request or 
during a refresh operation, this memory request will not be 
acknowledged until the refresh operation is completed and the 
necessary precharge time has elapsed. When memory and 
refresh requests occur simultaneously, the arbiter favors the 
memory request. 


Error Detection/Correction 


The other function of the Am8163/67 is timing and control for 
Error Detection and Correction using the 2960, 2961 or 2962 
circuits. 


The Am8163/67 drives the ECC Control Bus and receives 
ERROR or MULTIPLE ERROR inputs from the 2960 Error 
Detection and Correction Unit. The Am8163/67 also inter- 
faces with the microcomputer interrupt structure and with the 
error-logging circuitry. 


The 2960 can support two methods of error correction: 
"Correct Only On Error'' and ''Correct Always". 


"Correct Only On Error'' relies on the fact that error detection 
is faster than correction. Data read from the memory is fed 
directly to the processor. A read error will insert a wait state 
while the error is being corrected and data is also being written 
back into the memory. At reasonably low error rates, this 
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scheme achieves the highest possible throughput, but it is 
incompatible with all present microprocessors, since they 
sample their WAIT input too early in the cycle. 


The Am8163/67 implements the other scheme— ''Correct 
Always''—which is compatible with all modern microproces- 
sors. 


This scheme allocates time to insure that corrected data is 
sent to the CPU. Additionally, the Am8163/67 allows time 
after each memory read operation, to write the corrected 
result back into the memory. This write operation, however, is 
executed only if there was a single error; there is no need to 
write correct data back, and it is undesirable to write the wrong 
result of a double error. 


the Am8163/67 also provides the proper control signals to 
allow byte write operation in 16-bit memory systems with Error 
Correction. The Am8163/67 automatically first performs a 
word read operation, retains the corrected unused byte in the 
2960, and then writes the composite word and check bits into 
the memory. Outputs LEO, LEI, OEH, OEL and S are 
responsible for this. 


OEL is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 0 
(even address) 

OEH is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 1 
(odd address) 

OEBW eis pulsed LOW during every read operation 

OEBL is pulsed LOW during every read operation with 
AO =1 (odd address) 

EBH is pulsed LOW during every read operation with 


AO = 0 (even address) 


Note: The OE and OEB outputs interpret AO in opposite ways. 


This is consistent with 2960/61 operation. 


B/ 


AO OEH OEL OEBW OEBH OEBL 


ava feet 
Ae obit, eee che toe 
Cl Co ae ee See 


S 
L 
3 
L 
H 
H 
H 
H 


OEBW, OEBH, and OEBL can be active 
(LOW) only if: DS =CS=L AND SUP=H 


Note that 16-bit memory with EDC must always be initialized 
with word write operations in order to allow a later byte write 
operation. (An uninitialized memory would most likely read 
multiple errors and would then not allow byte write operation.) 


Error Interrupt Control 


The Am8163/67 clocks in the ERROR and MULTIPLE ER- 
ROR signals coming from the 2960 and stores them in both 
the Interrupt Logic and in the Error Control Logic. 


Interrupt Acknowledge clears both INTERR and INTMERR. 
The latter must therefore always be the higher priority inter- 
rupt. 


The Error Logic Control circuit latches up the two bits in the 
Error Interrupt Control circuit. The LERR and LMERR outputs 
are cleared by ERRACK, provided that the interrupts have 
been cleared first. These signals are normally used to control 
updating of the syndrome latch or other diagnostic circuitry. 
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Am8163/Am8167 


Am8163/67 APPLICATION WITH Am8086 CPU 


AND Am8127 CLOCK GENERATOR 


4-106 


BD001351 


Sis. 
Sega 
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Am8163/67 APPLICATION WITH 
MC68000 


AF000540 


ADDRESS BUS 


AF000550 


“Timing refers to 10MHz MCé68000. 
Note 1: M/IO may be tied HIGH or connected to an address pin. It may also be connected to an I/O port. 
The main consideration is not to start the 8163/67 when communicating with the 2960 Diagnostic 
Latch. 
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Am8163/Am8167 _ 


Am8163/67 APPLICATION WITH Am8001/2 


AND Am8127 CLOCK GENERATOR 
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Am8163/67 APPLICATION WITH MULTIBUS* 


4-109 
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BD001361 


*MULTIBUS is a trademark of Intel. 


Z9Lswiy/e9lLguiy 


Am8163/Am8167 


ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 


Storage Temperature ...................eeeee -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Under Bias......... -55°C to +125°C TRPAROTRUUIG v5 oie ins tose cn tsi vin uwisesetses 
Supply Voltage to Ground Potential Supply Voltage «svete recesses. ike cvees 
SOM osc cs paves ee pePetg is ae che cits -0.5V to +7.0V as 
: Military (M) Devices 
OC Voltage Applied to Outputs ‘For tiene BET EN A Ao TP LE PPO EE -55°C to + 125°C 
UOT MPS ENING 08 Setatorsctar esses on <- ~05¥; to-Yer: Max Supply: Voltage «25:5 .c333 cccsmerapets seagsrets +4.5V to +5.5V 


oe on ec ie ie Out ie ae ee tay ee OV Operating ranges define those limits over which the function- 
: PUB eter stoeses setuansaaenes ality of the device is guaranteed. 

Ba AI SANCOING 5.1. 5 voice ch nabaurise ceeoes? 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


(Group A, Subgroups 1, 2 and 3) 


: Typ 
Description Test Conditions (Note 1) ae (Note 2) eee 
V Output HIGH Voltage | Voc.= MIN Outputis): He Bn a Ee Aes a OE Volts 
OH P 9° | Vin =Vin or Vi | All except open collectors | COM'Llon=-26mA | 24 [| | 
Output(s): ss 
Voc= MIN _ LOEH, OEL, OEBW, RFSH [lo.=12mA | | | 050 | ote 


Vou Sn Nee | Mini or Mik, CEO, CELE fi tem ao 
Ca Ce ee eee 
eles 


TINTHERR, INTER ——[ow= tena |] | 050 
pe ieee 
i ee eee 
PmENe 2 sue! a7 
Pe epente | eet 
CeCe TL ee ek ee ee SE 
pu 7 
AO, wi RCLK, B/W, R/W a Soe SEES mA 
STR, AS, INTACK COM'L Ge, BAB 
5. ales ae: ieee SE ET 
Voc = MAX 
We Input LOW Current Wore he FR, SUP, ERRACK, MCE aape BES ee gee 
| RES he aces eee ee 
Ee a eae BS 


3 
> 


2 
dG 
a 

a] 
le 


S 


Voc = MAX 

Vin = 7.0V 
HIGH C Voc = MIN 

Output HIGH Current Von = 5.5V 


Ze 
ale > 
OIA 


INTERR 


COM'L 
come 
RAR 


CLK, OS, BS, ERA MIL tee en Se A 
COM'L ee pe 
Input HIGH Current FR, SUP. MCE, ERRACK Pe Age 
M/IO, AO, RCLK, B/W, R/W 
AS, STR Bean Se Se 
tnpur(s): 
Voc = MAX CLK, CS, DS, ERR, MERR 
Vins 88V___ (SUP, WCE, FR ena 
INTACK, AS, STR 


: 
: 
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a | Typ 
Description Test Conditions (Note 1) PRS See 
ie Voc = MAX 
er, ee Tne 
ee es Gaee ae. e e 


ma 
aime oe 
ab ee eee 
CC as a 
MIL patie 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


& 
3 
-) 
esl 
o 
re) 
~ 
> 
3 
-) 
aaah, 
o 
N 


Power Supply Current 
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Am8163/Am8167 


SWITCHING TEST CIRCUIT 
INTERR,INT MERR OTHER OUTPUTS XACT,AACK 


Vec 


R, = 6672 


TC000640 


TCO00650 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


[Parameters | —=—————_—Cescription = |sMin_'| “Typ | Max | Units 
Ce aa as oe 
[26 or C5 to FAS) Hold Tine Pet oe 
ean ek oe Po ae 
FR LOW Pulse Width “Ei Ste. See ae See 
AS! to LE Propagation Delay 


ASt to LE; Propagation Delay 
0 to ASt Setup Time 


AO to ASt Hold Time 
AS, STR LOW Pulse Width gee Se 
10 | ts | M/Or or CS to STR1 Setup Time gee, eee 
ia CS: to STR: Setup Time 
eee He oS 
CLK to RAS! Propagation Delay See eee 
CLK to RASt Propagation Delay | aa 


CLK to MSEL: Propagation Delay 


oad 
vU 
eo 
ay 


a 

ae Ge 
es See 
soe ee 
oes See 
ee Ce eS 
4 | oe ae 
ke ae Ee! 
Bae STR: to CLK Setup Time eS eS 
ae es 
ees Gee 
Se te 
| 16 | tptH | CLK to MSEL? Propagation Delay pee 
MSEL! to CAS: Propagation Delay - 8163 poe Isc | 
Pt | oa el 
2a 
kee | 
ae | 
we 
ae 
ae 
Le 
f 24a 
ee 
Se 
ag. 
a ae 
[28a | 


17b CLK to CAS: Propagation Delay - 8167 


18a CLK to CASt Propagation Delay - 8163 See SS 
CLK to CASt Propagation Delay - 8167 ees 
STR: to AACKt Propagation Delay 


CLK to AACK: Propagation Delay 
CLK to WE: Propagation Delay 
CLK to WEt Propagation Delay 


Foonal oo 
rie lz 
ak - 


LK to S! Propagation Delay 
LEI) to St Propagation Delay - 8163 
LK to St Propagation Delay - 8167 
CLK to LElt Propagation Delay 
CLK to LEI! Propagation Delay 
27 LEO: to LEIt Propagation Delay 


a 
ae 
a 
fees 
nee 
eee 
oe od 
ea 
Sore 
ee 
te? LEI) to OEH:, OEL: Propagation Delay - 8163 Pee See ee ae 
oe 
Be 
Powe 
ae Se 
Sees 
a 
ieee 
os 
eae 
Sea 
Pees 


CLK to XACKt Propagation Delay 
37 DS1 to XACKt Propagation Delay 
DS: to OEBL!, OEBH:, OEBW: Propagation Delay 


28a tPHL pees 
Peep > fT tees CLK to OEH!, OEL: Propagation Delay - 8167 SS SS eas 
Poa ut | Gx to OEM, CEL eoageion Dey oe 
i. eee ana a 
Pe iy [eevee a ee 
ea oven ee 
| 33 | tptH | CLK to LEOr Propagation Delay ae SS Se. Se 
oO nA (aise ree oo 
a fe | acl ome ee 
Pe 4 ie. aoe bee ee 
ae ae: 

Be Be 
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Parameters Description 

DSt to OEBL1, OEBH1, OEBW1 Propagation Delay 
| ts‘ |_-ERR, MERR to LEO! Setup Time 

| ty | ERR, MERA to LEO! Hold Time | 

42 LEO: to INTERR:, INTMERR: Propagation Delay 
43 INTACK: to INTERR:, INTMERR? Propagation Delay 
44 LEO! to LERRt, LMERR?r Propagation Delay 


yp 


Ad 
oh 
te*] 


[45 | tha. _| ERRACK: to LERR:, LMERA: Propagation Delay _——=—SSCSC~idCSC“‘*‘“‘“CSCS*dS 
Co len Ree Wy ge 
| ow | ERAAKIOW ew me 
a [eimai 1. 
Aw ie | Weeden tee ot ee 
[60 | tu | CLK to RFSHi Propagation Delay ——SSSSCSCS~SC~iSCSC*d tT a 

tem. _| RFSH LOW Pulse Wisth (WOE=HIGH)- 6168S mee 


RFSH LOW Pulse Width (MCE = HIGH) - 8167 


' RAS LOW Pulse Width During Refresh 
PWL (MCE = HIGH) - 8163 


RAS LOW Pulse Width During Refresh 
(MCE = HIGH) - 8167 


RFSH LOW Pulse Width (MCE = LOW) - 8163 


fea 
ue 
tPWL RFSH LOW Pulse Width (MCE = LOW) - 8167 Soe 
oe ok) 
bose 


- 
vu 
= 
— 


i 


t LOW Pulse Width During Refresh 
PWL (MCE = LOW) - 8163 


t RAS LOW Pulse Width During Refresh 
PWL (MCE = LOW) - 8167 
CLK Frequency - 8163 


CLK Frequency - 8167 


f 
” 
Q 
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Am8163/Am8167 


Switching Characteristics (Cont.) 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters Description ; min | Max / Min | Max 
ai aL eT a a Mae BS oa ae aE 
a eo ee ined ne | ee eee et 
na el ee es eS ee 
2a a Ce 7 Se a ae 
eee ed PS eo es wee 
She eee Pein ay ee ee ee 
he ee ieee ee ae eee Tae 
a ee oper to 
a Se El a aR Oe le ee 
Se CS Te eS I ee ee 
ee ee eee ee 
a ts a ee ee ee ee 
a aime ee 
[14 [tou] GLK te FAS: Propagation Delay ret wet ae 
15 tent | GLK te WELT Propagation Daley Seah es 
Ee Ee a eG es 
ee a a ee a 
es ae a eS ee Ce oe 
a Be | 
Se 2 So ae ee es ee ee 
a nee ae ae ae 
a ae oe te 
ch oes ee ee 
a oe een ee ee en 
a eae ee ee 
| ae ee 
GLK te S1 Propegaton Delay ~ 6167 smi 2 es ee 
eC a NS ee ese ee See 
a [emo ee 
ae oe ie Be es 

mc. i. soar Ce cee 

CLK to OEHt, OELt Propagation Delay Bees oe es ee ae eS 

a eae aes 

Sn ee ewe erie eae 


CLK to LEOt Propagation Delay 


CLK to XACKt Propagation Delay 
37 DSt to XACKt Propagation Delay 


DS: to OEBL:, OEBH:, OEBW: 
Propagation Delay 
' DS: to OEBL:, OEBH 1, OEBW! 
PLH Propagation Delay 


ts __| ERR, MERA to LEO: Setup Time 
ty | ERR, MERR to LEO: Hold Time 


a 
Uv 
eo 
ond 


Mm 


t LEO! to INTERR!, INTMERR! 
PHL Propagation Delay 


INTACK: to INTERR?, INTMERR1 


Propagation Delay 
44 t LEO; to LERRt, LMERR?t 
— Propagation Delay 


t ERRACK: to LERR!, LMERRi 
PHL Propagation Delay 
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MILITARY 


| | ar a COMMERCIAL 
Parameters Description 


K 
ERRACK LOW Pulse Wath 
Eig re SUP; to DS: Setup Time 
pease 2 WE? to SUP? Hold Time 
CLK to RFSH: Propagation Delay 


: RFSH LOW Pulse Width 
PWL (MCE = HIGH) - 8163 

‘ RFSH LOW Pulse Width 

PWL (MCE = HIGH) - 8167 

t RAS LOW Pulse Width During Refresh 
PWL (MCE = HIGH) - 8163 


t RAS LOW Pulse Width During Refresh 
PWL (MCE = HIGH) - 8167 

; RFSH LOW Pulse Width 

Pw (MCE = LOW) - 8163 


: RFSH LOW Pulse Width 
PWL (MCE = LOW) - 8167 


t RAS LOW Pulse Width During Refresh 
PWL (MCE = LOW) - 8163 


7tp-3ns 7tp-3ns 


t RAS LOW Pulse Width During Refresh 
PWL (MCE = LOW) - 8167 


CLK Frequency - 8163 | MHz 
CLK Frequency - 8167 MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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| 


zl 


LEO 


LERR, LMERR 


INTACK 


ERRACK 


SuP 


TIMING WAVEFORMS 
Am8163 TIMING 


roe |e ee 
\ ra eee 
Fe : 
ie 


© 2 
Oe ae 
oe ee ® 


=v, 
| ae 
cocoa 


WF001820 
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TIMING WAVEFORMS (Cont.) 
Am8163 REFRESH TIMING 


> 
3 
—) 
oot 
a) 
~ 
> 
3 
-) 
edi, 
o 
N 


WF002500 


Am8163 MEMORY CYCLE EXTEND TIMING 
(MCE = LOW) 


2 % 
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YYu3W1 8371 
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Am8163/Am8 167 


TIMING WAVEFORMS (Cont.) 
Am8167 REFRESH TIMING 


WF001780 


Am8167 MEMORY CYCLE EXTEND TIMING 
(MCE = LOW) 


WF001790 
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Am2900 BIT-SLICE PROCESSORS 
PROCESSORS MICROCODE SEQUENCERS 
AND PERIPHERALS LS! PERIPHERALS 


Am2900 


Processors and Peripherals Family 


Am2901B/Am2901C 


Am2902A 
Am2903A 
Am2904 
Am2905 


Am2906 
Am2907/Am2908 
Am2909A/2911A 
Am2912 

Am2913 

Am2914 
Am2915A 
Am2916A 
Am2917A 
Am2918 
Am29LS18 
Am2910A 
Am2919 

Am2920 


Am2921 


Am2922 
Am2923 
Am2924 
Am2925 
Am2927/Am2928 
Am2930 
Am2932 
Am2940 
Am2942 
Am2946/Am2947 
Am2948/Am2949 


-Am2950-50A/Am2951-51A 
Am2952-52A/Am2953-53A 


Am2954/Am2955 
Am2956/Am2957 
Am29203 
Am29803A 


Index 


Four-Bit Bipolar Microprocessor SIiC@...........ccceeeeeeeeeeeeeeeeeees 5-1 
High-Speed Look-Ahead Carry Generator.............cceeeeeeeee ees 5-19 
Four-Bit Bipolar Microprocessor SliC@.............cceeeeeeeeeeeee eens 5-25 
Statue ane Shit Conte Une oo oe ieee eee ec 5-48 
Quad Two-input OC Bus Transceiver 

with: #hree-State -ReCEIVET 65 i. cl SS Fk ioe ees cceaveevesscuners 5-65 
Quad Two-Input OC Transceiver with Parity ....................06. 5-73 
Quad Bus Transceivers with Interface LOGIC................ceeeees 5-81 
Microprouran’ SOQueNCOSS: «ois ice Beppe deseptens bo eee heres vases 5-93 
Chet BUS TL PANSCOIVER 6 oo icin ccs ini dod ec ue penta teaea pevesheeniees 5-109 
PAO INtOrupt EXpaNnde’ ..500,.5 05 osu ce sedestenccevseescies severnee 5-115 
Vectored Priority Interrupt Controller ..............ceeeeeeeee eee ees 5-122 
Quad Three-State Bus Transceiver with Interface Logic...... 5-131 
Quad Three-State Bus Transceiver with Interface Logic...... 5-138 
Quad Three-State Bus Transceiver with Interface Logic...... 5-146 


Quad D Register with Standard and Three-State Outputs ... 5-154 
Quad D Register with Standard and Three-State Outputs ... 5-160 


Microprogram: Controller cic. << od saitinas bi tne tones ss gen tanneee deere 5-166 
Quad Register with Dual Three-State Outputs................... 5-184 
Octal D-Type Flip-Flop with Clear, Clock Enable and 

Three-State: Control... iach tie ie 5-191 
One-of-Eight Decoder with Three-State Outputs and 

Polarity GContel e333 os es ee ae 5-197 
Eight-Input Multiplexer with Control Register.................666 5-203 
BHP ate BALIN ss acs cis save abe asian fo tehadeabasenna sats cannes 5-210 
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Am2901B/Am2901C 


Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


Two-address architecture - 

Independent simultaneous access to two working regis- 
ters saves machine cycles. 

Eight-function ALU - 

Performs addition, two subtraction operations, and five 
logic functions on two source operands. 
Expandable - 

Connect any number of Am2901s together for longer 
word lengths. 


® Left/right shift independent of ALU - 
Add and shift operations take only one cycle. 
®@ Four status flags - 
Carry, overflow, zero, and negative. 
@ Flexible data source selection - 
ALU data is selected from five source ports for a total of 
203 source operand pairs for every ALU function. 


GENERAL DESCRIPTION 


The Am2901 industry standard four-bit microprocessor 
slice is a high-speed cascadable ALU intended for use in 
CPUs, peripheral controllers, and programmable micropro- 
cessors. The microinstruction flexibility of the Am2901 
permits efficient emulation of almost any digital computing 
machine. 


The device, as shown in the block diagram below, consists 
of a 16-word by 4-bit two-port RAM, a high-speed ALU, and 
the associated shifting, decoding and multiplexing circuitry. 

The nine-bit microinstruction word is organized into three 


groups of three bits each and selects the ALU source 
operands, the ALU function, and the ALU destination 
register. The microprocessor is cascadable with full look 
ahead or with ripple carry, has three-state outputs, and 
provides various status flag outputs from the ALU. AMD's 
ion-implanted micro-oxide (IMOX) processing is used to 
fabricate the 40-lead LSI chip. 


The Am2901C is a plug-in replacement for the Am2901B, 
but is 33% faster than the Am2901B. 


MICROPROCESSOR SLICE BLOCK DIAGRAM 


16 ADDRESSABLE REGISTERS 


2s 
(REAO/WRITE) 
ADORESS 


OIRECT 
DATA IN 


Ay 
= He 
B’ DATA IN 
‘A’ (READ) ‘A’ ADDRESS 
RAM 


ADDRESS 


ALU DATA ao ee 


ao ee LECTOR 


IMOX is a trademark of Advanced Micro Devices. 
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Am2901B/Am2901C 


RELATED PRODUCTS 


[amga02 | Cary LookcAnead Generator 


For applications information see Chapters Ill and IV of 
Bit Slice Microprocessor Design, 
by Mick and Brick, McGraw Hill Publishers. 
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CONNECTION DIAGRAM 
Top View 


P-40, D-40 F-42 


CD004110 


Figure 1. 


al fn 
pa 


— | 
ae 
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DIE SIZE 0.130" x 0.123” 


ORDERING INFORMATION 


Device number, speed option (if applicable), package type, operating range and 


5-3 


Note: Pin 1 is marked for orientation 


combination you wish. 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 


screening option (if desired). 


Am2901B Valid Combinations 
Am2901C D Cc lee PC 
Screening Option 
Blank - Standard processing Am2901B oe aia DMB 
B - Burn-in 
XC, XM 
Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) PC 
M - Military (-55°C to + 125°C) DC, DCB, DMB 
Am2901C FMB 
Package LC. LMB 
D- 40-pin CERDIP XC. XM 
F — 42-pin flatpak : 
L - 44-pin leadiess chip carrier 
P - 40-pin plastic DIP 
X - Dice 
Valid Combinations 
Device type Consult the AMD sales office in your area to 
Four-Bit Microprocessor Slice determine if a device is currently available in the 
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Am2901B/Am2901C 


| Pin No. | Name 1/O | Description 
Be ee The four address inputs to the register stack used to select one register whose contents are displayed through the A- 
port. 
17, 18 The four address inputs to the register stack used to select one register whose contents are displayed through the B- 
19, 20 port and into which new data can be written when the clock goes LOW. 
The nine instruction control lines. Used to determine what data sources will be applied to the ALU (1912), what function 
the ALU will perform (ig45), and what data is to be deposited in the Q-register or the register stack (|678). 
A shift line at the MSB of the Q register (Q3) and the register stack (RAMg). Electrically these lines are three-state 
outputs connected to TTL inputs internal to the device. When the destination code on |¢78 indicates an up shift (octal 
6 or 7) the three-state outputs are enabled and the MSB of the Q register is available on the Q3 pin and the MSB of 
the ALU output is available on the RAMg pin. Otherwise, the three-state outputs are electrically OFF (high-impedance) 


and the pins are electrically LS-TTL inputs. When the destination code calls for a down shift, the pins are used as the 
data inputs to the MSB of the Q register (octal 4) and RAM (octal 4 or 5). 


Shift lines like Q3 and RAM3, but at the LSB of the Q-register and RAM. These pins are tied to the Q3 and RAMg pins 
of the adjacent device to transfer data between devices for up and down shifts of the Q register and ALU data. 


Direct data inputs. A four-bit data field which may be selected as one of the ALU data sources for entering data into 
the device. Do is the LSB. 


The four data outputs. These are three-state output lines. When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as determined by the destination code 1678. 


Output Enable. When OE is HIGH, the Y outputs are OFF; when OE is LOW, the Y outputs are active (HIGH or LOW). 


The carry generate and propagate outputs of the internal ALU. These signals are used with the Am2902 for carry- 
lookahead. 


Overflow. This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the result of an arithmetic two's complement operation has 
overflowed into the sign-bit. 


This is an open collector output which goes HIGH (OFF) if the data on the four ALU outputs Fo.g are all LOW. In 
positive logic, it indicates the result of an ALU operation is zero. 


The most significant ALU output bit. 


The carry-in to the internal ALU. 


The carry-out of the internal ALU. 


The clock input. The Q register and register stack outputs change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM which compromises the ''master'’ latches of the register 
stack. While the clock is LOW, the ''slave"’ latches on the RAM outputs are closed, storing the data previously on the 
RAM outputs. This allows synchronous master-slave operation of the register stack. 


16-6'T BY 4.0:T 2P0RT RAM 


Be t ALATCH 


Ay Ae 
feo lle 
| nN Zod a 


a Note: LSB is numbered “0”; MSB is numbered “3”. 
iad 


BD002050 
Figure 2. 
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ARCHITECTURE 


A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4- 
bit 2-port RAM and the high-speed ALU. 


Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled 
by the 4-bit A address field input. Likewise, data in any of the 
16 words of the RAM as defined by the B address field input 
can be simultaneously read from the B-port of the RAM. The 
same code can be applied to the A select field and B select 
field in which case the identical file data will appear at both the 
RAM A-port and B-port outputs simultaneously. 


When enabled by the RAM write enable (RAM EN), new data 

is always written into the file (word) defined by the B address 

field of the RAM. The RAM data input field is driven by a 3- 

input multiplexer. This configuration is used to shift the ALU 

output data (F) if desired. This three-input multiplexer scheme 

allows the data to be shifted up one bit position, shifted down 
one bit position, or not shifted in either direction. 


The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 


The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit 
~ input words R and S. The R input field is driven from a 2-input 
multiplexer, while the S input field is driven from a 3-input 
multiplexer. Both multiplexers also have an inhibit capability; 
that is, no data is passed. This is equivalent to a ''zero'' 
source operand. 


Referring to Figure 2, the ALU R-input multiplexer has the 
RAM A-port and the direct data inputs (D) connected as 
inputs. Likewise, the ALU S-input multiplexer has the RAM A- 
port, the RAM B-port and the Q register connected as inputs. 


This multiplexer scheme gives the capability of selecting 
various pairs of the A, B, D, Q and "'0"' inputs as source 
operands to the ALU. These five inputs, when taken two at a 
time, result in ten possible combinations of source operand 
pairs. These combinations include AB, AD, AQ, AO, BD, BQ, 
BO, DQ, DO and QO. It is apparent that AD, AQ and AO are 
somewhat redundant with BD, BQ and BO in that if the A 
address and B address are the same, the identical function 
results. Thus, there are only seven completely non-redundant 
source operand pairs for the ALU. The Am2901 microproces- 
sor implements eight of these pairs. The microinstruction 
inputs used to select the ALU source operands are the lo, 14, 
and lo inputs. The definition of lp, 14, and lo for the eight source 
operand combinations are as shown in Figure 3. Also shown is 
the octal code for each selection. 


The two source operands not fully described as yet are the D 
input and Q input. The D input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in 
the ALU to modify any of the internal data files. The Q register 
is a separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
..holding register for some applications. 


The ALU itself is a high-speed arithmetic/logic operator 
capable of performing three binary arithmetic and five logic 
functions. The l3, 14, and Is microinstruction inputs are used to 
select the ALU function. The definition of these inputs is 


shown in Figure 4. The octal code is also shown for reference. 
The normal technique for cascading the ALU of several 
devices is in a look-ahead carry mode. Carry generate, G, and 
carry propagate, P, are outputs of the device for use with a 
carry-look-ahead-generator such as the Am2902. A carry-out, 
Cr + 4, is also generated and is available as an output for use 
as the carry flag in a status register. Both carry-in (C,) and 
carry-out (Cy, +4) are active HIGH. 


The ALU has three other status-oriented outputs. These are 
F3, F=0, and overflow (OVR). The F3 output is the most 
significant (sign) bit of the ALU and can be used to determine 
positive or negative results without enabling the three-state 
data outputs. Fg is non-inverted with respect to the sign bit 
output Y3. The F = 0 output is used for zero detect. It is an 
open-collector output and can be wire OR'ed between micro- 
processor slices. F = 0 is HIGH when all F outputs are LOW. 
The overflow output (OVR) is used to flag arithmetic opera- 
tions that exceed the available two's complement number 
range. The overflow output (OVR) is HIGH when overflow 
exists. That is, when Ch + 3 and Cp + 4 are not the same polarity. 


The ALU data output is routed to several destinations. It can 
be a data output of the device and it can also be stored in the 
RAM or the Q register. Eight possible combinations of ALU 


destination functions are available as defined by the Ig, |7, and | 


lg microinstruction inputs. These combinations are shown in 
Figure 5. 


The four-bit data output field (Y) features three-state outputs 
and can be directly bus organized. An output control (OE) is 
used to enable the three-state outputs. When OE is HIGH, the 
Y outputs are in the high-impedance state. 


A two-input multiplexer is also used at the data output such 
that either the A-port of the RAM or the ALU outputs (F) are 
selected at the device Y outputs. This selection is controlled 
by the Ig, 7, and Ig microinstruction inputs. Refer to Figure 12 
for the selected output for each microinstruction code combination. 


As was discussed previously, the RAM inputs are driven from 
a three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted 
down one position (+2). The shifter has two ports; one is 
labeled RAMo and the other is labeled RAM3. Both of these 
ports consist of a buffer-driver with a three-state output and an 
input to the multiplexer. Thus, in the shift up mode, the RAM3 
buffer is enabled and the RAMo multiplexer input is enabled. 
Likewise, in the shift down mode, the RAMo buffer and RAM3 
input are enabled. In the no-shift mode, both buffers are in the 
high-impedance state and the multiplexer inputs are not 
selected. This shifter is controlled from the Ig, l7 and lg 
microinstruction inputs as defined in Figure 5. 


Similarly, the Q register is driven from a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
Q register. In either the shift-up or shift-down mode, the 
multiplexer selects the Q register data appropriately shifted up 
or down. The Q shifter also has two ports; one is labeled Qo 
and the other is Q3. The operation of these two ports is similar 
to the RAM shifter and is also controlled from Ig, |7, and Ig as 
shown in Figure 5. 


The clock input to the Am2901 controls the RAM, the Q 
register, and the A and B data latches. When enabled, data is 
clocked into the Q register on the LOW-to-HIGH transition of 
the clock. When the clock input is HIGH, the A and B latches 
are open and will pass whatever data is present at the RAM 
outputs. When the clock input is LOW, the latches are closed 
and will retain the last data entered. If the RAM-EN is enabled, 
new data will be written into the RAM file (word) defined by the 
B address field when the clock input is LOW. 
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Am2901B/Am2901C 


FUNCTIONAL TABLES 


MICRO CODE lg MICRO CODE ee 

. ctal| Function SYMAOL 
Octal 
Code 
pee 


parearer| = | 
pereseac| a 
2) 


cee reget el 
oO 
NOOhWNM—O 2 
o 


L 
L 
L 
b. 
H 
H 
H 
H 


Prigreezya| © | 


vocecens| = 


sonreono| « 


cere! = | 


X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
B = Register Addressed by B inputs. 
UP is toward MSB, DOWN is toward LSB. 


Figure 5. ALU Destination Control. 


OCTAL ALU ALU Source 
iss | Function | aq | ap | oa | o8 | ov | va | va | do | 


Q-A-1 B-A-1 B-1 A-1 A-D-1 Q-D-1 
Ree ie ee a ee oa oe 
R Minus S 
Cn= A-Q A-B -B -A D-A D-Q 
Fs | MOnSs | AG | © mee OG] oneiee sii foin emote prengwacend 2 Pawan pegs! Bei | 
Cee ee ee ele ie ee as a ek ee 
PB rics batdind NO Sodsis AAR Gb AARBtne| ote: |e yk eRe a 
Ph coteond AEROMS [ou AAs CAMB Olnbet es [By A ive Ore | 8 
peo Seon mer) UAW ce a BA ova ee 


+ =Plus; - = Minus; v=OR; ~ =AND; V =EX-OR 


Figure 6. Source Operand and ALU Function Matrix. 
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SOURCE OPERANDS AND ALU 
FUNCTIONS : 


There are eight source operand pairs available to the ALU as 
selected by the Io, I4, and lo instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The 13, 
14, and Is instruction inputs control this function selection. The 
carry input, Cp, also affects the ALU results when in the 
arithmetic mode. The Cy input has no effect in the logic mode. 
When lo through Is and Cp, are viewed together, the matrix of 


1543, 1210 


PHA AL DAODWWDIDDDAI NNNNINNNN!I| DOOD OD 
NAP ONINAPWDNI NA ONINA WNL DONO] On=-0 
Ni = m 
m MS < x< 
D a nm O 
° oy a 

393% 
9:9"): 
Orwo 


> 
> 
wo 


RaQ 
MASK BAA 


Figure 7. ALU Logic Mode Functions. 


Figure 6 results. This matrix fully defines the ALU/source 
operand function for each state. — 


The ALU functions can also be examined on a ''task'' basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic mode, 
the carry will have no bearing on the ALU output. Figure 7 
defines the various logic operations that the Am2901 can 
perform and Figure 8 shows the arithmetic functions of the 
device. Both carry-in LOW (C, = 0) and carry-in HIGH (Cp, = 1) 


are defined in these operations. 
ADD plus 
one 

02 Q 

03 PASS B Increment 

04 A 

07 D 
he 
bad 


(Negate) 
Subtract 


(1's Comp) 


— MO —H —] MH —= = = 
NP OM] N & WD PP 


Subtract 
(2's Comp) 


1 
Orwoocor> 


ans Oona — oO 
| 
Orwovoor>,> 
i 
ee eae ee Ce a ee 
i 


Figure 8. ALU Arithmetic Mode Functions. 
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Am2901B/Am2901C | 


LOGIC FUNCTIONS FOR 4G, P, Definitions (+ = OR) 


Cy, +4, AND OVR 


Pp = Ro + So Go = RoSo 


The four signals G, P; Cp +4, and OVR are designed to if, may SA Ase bey 
ee Be nae Po =Ro+So Go = RoSe 
indicate carry and overflow conditions when the Am29071 is in P2=Ra+S Ga = RSs 
the add or subtract mode. The table below indicates the logic ore 3 
equations for these four signals for each of the eight ALU C4 = Gg + PgGo + P3gP2Gy 

functions. The R and S inputs are the two inputs selected + P3P2P1Go + PgP2P4Po0Cn 


according to Figure 3. Cg = Go + P2Gy+PoP1Go + P2P1PoCn 


Ct ae Se eS a Ne. ee a 
Same as R+S equations, but substitute Rj for Rj in definitions ———_—_—_——__—_.—_—__> 

RVs PaPIP Po + Cn 

RAs Ggt Gt Gi + Go 

Ras 


- Ga +Gor+Gi+G Ga + PaGo + PaPoG, + PsPoP4P. ees A oe AN See note 
3 2 1 0 3 gG2 + F3F 204 3F2r1F0 + PgPoP4Po(Go + Cn) 


Note: [Po + GoP,+GoG Po +GoGiGoCp] VC 
[P3+ GgP2+GgGoP; +GgG2GyPo + GgG2G1GoCp] 
Figure 9. 


MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS 


Speeds used in calculations for parts other than Am2901C are representative for available MSI parts. 


@ SEQUENCER 
Am2910A 


MiICROPROGRAM 
® MEMORY 


@ 


REGISTER 


STATUS 
REGISTER 


AF001621 


Pipelined System. Add without Simultaneous Shift. 


DATA LOOP CONTROL LOOP 
@Register Clock to Output 9 @Register Clock to Output 9 
+@2901C A, B to G, 37 + @®MUX Select to Output 13 
+@2902A Go, Po to Cn+z 7 +@2910A CC to Output 30 
+ @)2901C Crh to Crh +4, OVR, 25 +(®PROM Access Time 40 
F3, F=0, Y 
+ ®Register Setup Time 2 + @Register Setup Time 2 
80ns 94ns 


Minimum clock period = 94ns 
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MICROPROGRAM 
® MEMORY 


@ 


REGISTER 


REGISTER 


AF001631 
Pipelined System. Simultaneous Add and Shift Down. 
DATA LOOP CONTROL LOOP 

@Register Clock to Output 9 @Register Clock to Output 9 
+@2901C A, B to GP 37 + @MUX Select to Output 13 
+@2902A Go, Po to Ch+z 7 +(2910A CC to Output 30 
+ @2901C Cp to F3, OVR 22 +@PROM Access Time 40 
+@XOR and MUX 21 + (@Register Setup Time 2 
+ ©@2901C RAM3 Setup 12 Sar vrs 

108ns 


Minimum clock period = 108ns 


Figure 10. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .................cceeeees -65°C to + 150°C 
Ambient Temperature Under Bias......... -55°C to +125°C 
Supply Voltage to Ground Potential 

RIOT USS soy cor siics 3s sccotswteayeiaads -0.5V to +7.0V 
DC Voltage Applied to Outputs For 


OPERATING RANGES 


Commercial (C) Devices 
TOMPOrAtUre:<o2.......ccecceesssccsccsteceseners 
Supply Voligige - bi... 0.cccsegsesacder <x aces 


Military (M) Devices 


Am2901B/Am2901C | 


FONWOPAINO | 5.5 ore peenc s csensce danas -55°C to + 125°C 
Buh MONACO 35 isis odes tb wiccs ct cos me coans +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


High Output State ....................0e. -0.5V to +Voc max 
Ee MIE VON cis forest ioetecarnksnes> Fe -0.5V to +5.5V 
DC Output Current, Into Outputs ................ceeceeee ee 
DO input Curent... .sisecreeenacts sic. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 1) | min | Max | Units 
loH =-1.6mA 
Yo Y1, Ya, Y3 
fon =-1.0mA, Cpag | ee 


ie en Re ee 
igs aoa re | eee | YO 


IOH = - 600uA 
RAMo, 3, 90,3 
| Output Leakage Current Voc = MIN, Vou = 5.5V ik 
CEX For F =0 Output Vin = Vin: or Vit 
lol = 20mA (COM'L) (Note 4) eee ea eS 

Yo. Y1, Y2 Y3  [ig, = 16mA (MIL) (Note 4) Reet ac 
Voc = MIN, iou = 18mA os oe 
Vin = Vil lou = 10mA ee eee 

OvR, P io. = 8.0mA Py ee 


Parameters 


Voc = MIN 


Output HIGH Voltage Vin = Vint or Vit 


r , i 
.@) 
i 


VOL Output LOW Voltage 
or Vit 


Sa ge ac 
Ca [oerionien —femearaergeg | 
Veo = MIN, n= = 18m a ae 
| fae ee 
Ao, At, Az, Ag ae 
Bo, 81, Bz, B3 eae ee 
l input LOW Current Voc = MAX, Vin = 0.5V eet Mes Eh Se mA 
iL ear OP lo, 14, 12, Ie, le 
Lee 
Cr Manes aes BE 
as ss ee ee 
7 ees: Se ak 
Ao, Ai, Az, Ag ete ae 
Bo, 81, Bz, Bs see Re 2 
Input HIGH Current Voc = MAX, Vin = 2.7V = 7 = aap uA 
ee See ee ee ee 
cee Toe ae Ma Ol 
Ce ee ee See Se 
01656B 
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Parameters Description ~ Test Conditions (Note 1) | Min | Max | Units = 
[| Input HIGH Curent prey ior a | Be 
ses | es SE SS S 
2. Ys [Vo=03v ey ae wo 
lOZH Off State (High Impedance) M Vo = 2.4V > 
lozi Output Current Vec's MAX RAMo, 3 __ | (Note 3) eee 
Qo, 3 Vo = 0.5V 
(Note 3) ~800 
Yo. Y1, Ya, Ya, G | 380) | -85 | a 
te ee eee | ee 
| Output Short Circuit Current | Voc = MAX + 0.5V, Vo =0.5V. | OVR, P mA 
- (Note 2) | cc o | -30 | -85 | 
Hf isnovenitmos © | -s0 | =a | 
|RAMo 30,3 = | «80 =| 85 | 
COM'L Only Ta =0°C to +70°C Bees Ses 
Power Sweety coment — | y-< tiny [Woe 4) [Tansee a 
(Note 5) MIL Only To = -55°C tot 125°C Bate fe ee 
(Note 4) To = + 125°C Bees a 


Note: 
- Voc conditions shown as MIN or MAX, refer to the military (+ 10%) or commercial (5%) Voc limits. 

Not more than one output should be stored at a time. Duration of the short circuit test should not exceed one second. 

These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with lg78 in a state such that 
the three-state output is OFF. 

"MIL" = Am2901CXM, DM, FM, LM, "COM'L" = Am2901CXC, PC, DC, LC. 

Worst case Icc is measured at the lowest temperature in the specified operating range. 

These input levels provide zero noise immunity and should only be static tested in a noise-free environment, (not functionally tested). 


OA OMo 
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Am2901B/Am2901C 


i. Am2901B Guaranteed Commercial tise : A. Cycle Time and Clock Characteristics. — 


Range Performance — 
9 Read-Modify-Write Cycle (from selection of A, 
B registers to end of cycle.) 


Maximum Clock Frequency to shift Q (50% 
duty cycle. | = 432 or 632) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 
Minimum Clock Period 


The tables below specify the guaranteed performance of the 
Am2901B over the commercial operating range of 0°C to 
+ 70°C, with Vcc from 4.75V to 5.25V. All data are in ns. with 
inputs switching between OV and 3V at 1V/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


This data applies to the following part numbers: Am2901BPC 
Am2901BDC 


B. Combinational Propagation Delays. (Note 1) 
C. = 50pF 


A Bypass ALU 
(I = 2XX) 


Set-up Time Hold Time Set-up Time 
Before H ~L After H >L Before L ~H 


A, B Source Address 


B Destination 
Address 


D. Output Enable/Disable Times. 


Output disable tests performed with C. = 5pF and 
measured to 0.5V change of output voltage level. 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase ''do not change”. 

3. Source addresses must be stable prior to the clock H~L transition to allow time to access the source 
data before the latches close. The A address may then be changed. The B address could be changed if it is not 
a destination: i.e., if data is not being written back into the RAM. Normally A and B are not changed during the 
clock LOW time. 

4. The set-up time prior to the clock L~H transition is to allow time for data to be accessed, passed through the 
ALU; and returned to the RAM. It indicates all the time from stable A and B addresses to the clock L~H 
transition, regardless of when the clock H~L transition occurs. 
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ll. Am2901B Guaranteed Military Range A. Cycle Time and Clock Characteristics. — 
Performance : : : 
Read-Modify-Write Cycle (from selection of A, 88ns 
B registers to end of cycle.) 
Maximum Clock Frequency to shift Q (50% 45MHz 
duty cycle. | = 432 or 632) 
Minimum Clock LOW Time | 30ns | 


Minimum Clock HIGH Time 
Minimum Clock Period 


B. Combinational Propagation Delays. (Note 1) 
CL = 50pF 


The tables below specify the guaranteed performance of the 
Am2901B over the military operating range of -55°C to 
+ 125°C, with Vcc from 4.5V to 5.5V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


9L06zwy/gLo6scwy 


This data applies to the following part numbers: Am2901BDM 
Am2901BFM 


TAB Assos st ef me | | | | ee | me | 
ue] eo] we | orf | wf 


A Bypass ALU 
(| = 2XX) 


Set-up Time Set-up Time Hold Time 
Before H ~L Before L ~H After L ~H 


A, B Source Address 


B Destination 
Address 


Do Not Change (Note 2) 


D. Output Enable/Disable Times. 


Output disable tests performed with C_ = 5pF and 
measured to 0.5V change of output voltage level. 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase ''do not change". 

3. Source addresses must be stable prior to the clock H~L transition to allow time to access the source data before 
the latches close. The A address may then be changed. The B address could be changed if it is not a destina- 
tion: i.e., if data-is not being written back into the RAM. Normally A and B are not changed during the clock LOW 
time. 

4. The set-up time prior to the clock L~H transition is to allow. time for data to be accessed, passed through the 
ALU, and returned to the RAM. It includes all the time from stable A and B addresses to the clock L7H 
transition, regardless of when the clock H~L transition occurs. . 
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Am2901B/Am2901C — 


— 


en 


Ill. Am2901C Guaranteed Commercial A. Cycle Time and Clock Characteristics. 
Range Performance 


Read-Modify-Write Cycle (from selection of A, 
B registers to end of cycle.) 


The tables below specify the guaranteed performance of the 
Am2901C. over the commercial operating range of 0°C to 
+ 70°C, with Vcc from 4.75V to 5.25V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


Maximum Clock Frequency to shift Q (50% 
duty cycle, | = 432 or 632) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 
Minimum Clock Period 


B. Combinational Propagation Delays. (Note 1) 
C. = 50pF 


RAMO 
Y Cn+4 RAM3 


[A Bases «| wo | 0 | 0 | 9 | o | 0 | of - | 


This data applies to the following part numbers: Am2901CPC 
Am2901CDC 
Am2901CLC 


A Bypass ALU 
(Il = 2XX) 


Clock 


Set-up Time Hold Time Set-up Time Hold Time 
Before H ~L After H >-L Before L ~-H 


30, 15 + Tpw. 
(Note 4) 
Do Not Change (Note 2) 


A, B Source Address 
B Destination 
Address 


ge 


RAMO, 3, QO, 3 


D. Output Enable/Disable Times. 


Output disable tests performed with Cy = 5pF and 
measured to 0.5V change of output voltage level. 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase ''do not change". 

3. Source addresses must be stable prior to the clock H~L transition to allow time to access the source data before 
the latches close. The A address may then be changed. The B address could be changed if it is not a destina- 
tion; i.e., if data is not being written back into the RAM. Normally A and B are not changed during the clock 
LOW time. 

4. The set-up time prior to the clock L~H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to the RAM. It includes all the time from stable A and B addresses to the clock L~H 
transition, regardless of when the clock H~L transition occurs. 
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IV. Am2901C Guaranteed Military Range A. Cycle Time and Clock Characteristics. 


Performance a 
Read-Modify-Write Cycle (from selection of A, 
B registers to end of cycle.) 


Maximum Clock Frequency to shift Q (50% 
duty cycle, | = 432 or 632) 


The tables below specify the guaranteed performance of the 
Am2901C over the military operating range of -—55°C to 
+ 125°C, with Vcc from 4.5V to 5.5V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure- 
ments made at 1.5V. All outputs have maximum DC load. 


This data applies to the following part numbers: Am2901CDM 
Am2901CFM 
Am2901CLM 


> 
3 
ND 
a 
=) 
ened 
w 
=~ 
> 
3 
nN 
© 
° 
ome, 
?) 


B. Combinational Propagation Delays. (Note 1) 
C. = 50pF 


: To Output 


RAMO 
vy | rs | cme | @e | ro | om | mas | os 


A, B Address 


A Bypass ALU 
(I = 2XX) 


Set-up Time Hold Time Set-up Time Hold Time 
Before H >L After H -L Before L ~H After L -H 


B Destination 


D. Output Enable/Disable Times. 


Output disable tests performed with Cy, = 5pF and 
measured to 0.5V change of output voltage level. 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase "do not change”. 

3. Source addresses must be stable prior to the clock H~L transition to allow time to access the source data before 
the latches close. The A address may then be changed. The B address could be changed if it is not a destina- 
tion; i.e., if data is not being written back into the RAM. Normally A and B are not changed during the clock 
LOW time. : 

4. The set-up time prior to the clock L~H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to the RAM. It includes all the time from stable A and B addresses to the clock L7H 
transition, regardless of when the clock H~L transition occurs. 
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Am2901B/Am2901C 


SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
| OUTPUTS 


5V 
R R 
S; 1 S; 1 
Vout O-—-o” Vout O-—& 
| 


R2 


TC001080 TC001090 
TC001100 
2.4V 
Y Legler 
OH 
5.0 - Vee - VoL a 5.0 - Vee - VoL 2 5.0 -Vo. 
lot + VoL/1K ; lot + VoL/Re2 ' lOL 


Notes: 1. Ci = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. S1, Se, Sg are closed during function tests and all AC tests except output enable tests. 
3. S; and S3 are closed while So is open for tpz} test. 
S; and So are closed while S3 is open for tpz, test. 
4. C.=5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2901C (DIP) 
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TTL INPUT/OUTPUT CURRENT INTERFACES 


PNP 
DRIVEN INPUT 


We e 
Sa 
0 4 


> 
3 
N 
© 
° 
wed: 
w 
~ 
> 
3 
ND 
© 
° 
eonelt, 
© 


1C000430 


C, =5.0pF, all inputs 


1C000440 


Co =5.0pF, all outputs 
Figure 11. 
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Am2901B/Am2901C 


LIFE TEST AND BURN-IN CIRCUIT FOR MILITARY CLASS B PARTS. 


1 | fofs |e |s [s 


MR CEP CET Po 


Dp 0, 02 03 


Vec = 5.0V 
Frequency = 100KHz 
Ta = 126°C 


Pens... Ps 


Am9316 


This circuit conforms to MIL-STD-883, method 1015, condition D. 


RAM3 


Az Az Ay Ap Yo Yq 


‘LE 
fa ae 
Pee : 


Yo Y3 


Voc 


TC001070 


(Contact Factory for Commercial Burn-in Conditions) 


Figure 12. 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 


4; 


Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 


. Do not leave inputs floating during any tests, as they may 


start to oscillate at high frequency. 


.Do not attempt to perform threshold tests at high speed. 


Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 


. Use extreme care in defining input levels for AC tests. Many 


inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vi, 
or Vip until the noise has settled. AMD recommends using 
Vi SOV and Vip 23.0V for AC tests. 


5. To simplify failure analysis, programs should be designed to 


perform DC, Function, and AC tests as three distinct groups 
of tests. 


6. To assist in testing, AMD offers complete documentation on 


our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices" 
in the Bipolar Microprocessor Logic and Interface Data Book. 
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Am2902A 


High-Speed Look-Ahead Carry Generator 


DISTINCTIVE CHARACTERISTICS 


@ Provides look-ahead carries across a group of four 
Am2901 or Am2903 microprocessor ALU's 


@ Capability of multi-level look-ahead for high-speed arith- 
metic operation over large word lengths 
@ Typical carry propagation delay of 4.5ns 


GENERAL DESCRIPTION | 


The Am2902A is a high-speed, look-ahead carry generator 
which accepts up to four pairs of carry propagate and carry 
generate signals and a carry input and provides anticipated 
Carries across four groups of binary ALU's. The device also 
has carry propagate and carry generate outputs which may 
be used for further levels of look-ahead. 


The Am2902A is generally used with the Am2901 bipolar 
microprocessor unit to provide look-ahead over word 
lengths of more than four bits. The look-ahead carry 
generator can be used with binary ALU's in an active LOW 


or active HIGH input operand mode by reinterpreting the 
carry functions. The connections to and from the ALU to 
the look-ahead carry generator are identical in both cases. 


The logic equations provided at the outputs are: 


Ch + x =Go + PoCy 

Ch +y =G1 + P1Go + PyPoCp, 

Ch +z = Ga + PoGy + PoP1Go + PoPyPo9Cp, 
G =G3 + PgGo + P3P2G1 + P3P2P1Go 
P =P3P9P4Po 


BLOCK DIAGRAM 


p 


BD001680 


RELATED PRODUCTS 


4-Bit Microprocessor Slice 
4-Bit Microprocessor Slice 


Am29501_ | Multiport Pipelined Processor 


Ve06cwy 


03595B 
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Am2902A 


CONNECTION DIAGRAM 
Top View | 


P-16, D-16 


CD004010 CD004000 


F-16 pin configuration identical to D-16, P-16. 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


Py Gp Pp G3 


Am2902A 
Cy, LOOK-AHEAD CARRY 
GENERATOR 


Cr+y Cr+z 


LS000850 


DIE SIZE 0.062” x 0.067” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 
DMB 

FM, FMB 
LC, LCB, LM, 


Am2902A Be D Cc B 


Screening Option 
Blank - Standard processing 
B - Burn-in 
Temperature (See Operating Range) 
C - Commercial (0°C to + 70°C) 
M — Military (-55°C to + 125°C) 


Package 
D - 16-pin CERDIP 

F — 16-pin flatpak 

L — 20-pin leadless chip carrier 
P — 16-pin plastic DIP 

X - Dice 


Speed Select 
A - High Speed Option 


Am2902A 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Device Type 
Look-Ahead Carry Generator 


03595B 
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PIN DESCRIPTION 


> 
5 
© 
oO 
NO 
> 


ee ee 


Carry-in. The carry-in input to the look-ahead generator. Also the carry-in input to the nth Am2901 microprocessor 
ALU input. 


Ch +j Carry-out. (j= x, y, z). The carry-out output to be used at the carry-in inputs of the n+1, n+2 and n+3 
microprocessor ALU slices. 


1-6, 14, 15 |Gj, Pj Generate and propagate inputs respectively (i = 0, 1, 2, 3). The carry generate and carry propagate inputs from the n, 
n+1, n+2 and n+383 microprocessor ALU slices. 


10, 7 Generate and propagate outputs respectively. The carry generate and carry propagate outputs that can be used with 
the next higher level of carry look-ahead if used. 


TRUTH TABLE 


et a ae 
n Go Po Gy Py G2 P2 G3 Pa 


i?) 
©)| 


: 


H 
X 
X 
L 
X 
H 
X 
X 
X 
L 
X 
X 
H 
X 
X 
X 
X 
L 


IKK KOK KKK KOK xX 
Pk: Me TE OK OSE OC | ORG oe EE Oe OK Oe I OK SL a ot Pe 
Mm KM ME EX ix oe tr ox » Bre apa Spe wage 


mo KMD MK mK KE ix rm Kore xX XK Ke KK XK 
mM MO OK | i Ee - E-E 


H 
H 
H 
H 
L 
X 
X 
X 


H 
X 
X 
X 
X 
L 
L 
L 
X 
X 
X 
H 
L 


2 
H 
H 
L 
L 
L 
H 
H 
4 . 
L 
L 
L 
L 
BO 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 


H 
X 
X 
X 
X 
L 
L. 
i 
X 
H 
X 
X 
X 
X 
L 
L 
X 
X 
H 
X 
L 


H = HIGH Voltage Level 
L =LOW Voltage Level 
X =Don't Care 
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Am2902A 


APPLICATIONS 


CARRY-IN , i : CARRY-OUT 


AF001331 


16-BIT CARRY LOOK-AHEAD CONNECTION. 


CARRY-IN 


Hit (tt li HAY Ce [f miata wi oe 


[oe ee pee gp: 


AF001321 


32-BIT ALU, THREE LEVEL CARRY LOOK-AHEAD. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
(Ambient) Temperature with Temperature 0°C to +70°C 
Applied Powers -55°C to +125°C Supply Voltage +4.75V to +5.25V 
Supply Voltage to Ground Potential 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcc max 


Ve06culy 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


De i SOS eat le Oey ality of the device is guaranteed. 


DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


se Tet Condon owe 2) | lo | amy | Max | te 
Output HIGH Voltage, ve gees Hh A CO es eevee Volts 


Voc = MIN, lo. = 20mA 
Input HIGH Level ara input logical HIGH voltage for all ae es Volta 
Input LOW Level’ is ems input logical LOW voltage for all es Volts 
Input Clamp Voltage Voc = MIN, lin = —18mA Volts 


Ch 


hie Input LOW Current Voc = MAX, Vin = 0.5V 


Input HIGH Current Voc = MAX, Vin = 2.7V ee ee 
Po, Py, G3 


3 


= 


Input HIGH Current Voc = MAX, Vin = 5.5V 


3 


: 
So 
o 


Output Short Circuit Voc = MAX, Vout = 0.0V 


(Note 3) 
Voc = MAX MIL 
All Outputs LOW 
Power Supply Current MIL 
Voc = MAX 
a 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


3 


= 


3 
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Am2902A 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


PLH i eee P| dO 
PB, or Gj to Cn+x, Cn+y, or C 
See Gs Se > CL =15pF GS Gi aids, es 


ee ee ee ees 
ERIN BAe ie: 2 Sa 


iit BR oe Ae 
SS ae a et 


Description 


Ch to Cn+x, Cn+y Or Chez 
. ———SEee 
es | 
sa aS Pj or Gj to Ch+x, Cn+y, OF Cn+z Cy = 50 pF Ne Beak wes dd | 

= 

aa 
ee ee 7a BT, As as 


*Switching Characteristics’ performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2903A 


Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


Expandable Register File - 

The Am2903A includes the necessary "hooks" to 
expand the register file externally to any number of 
registers. 

Built-in Parity Generation and Sign Extension Circuitry - 
Can supply parity across the entire ALU output and 
provide sign extension at any slice boundary. 
Built-in Division Logic - 

Executes non-restoring, multiple-length division with 
correction of the quotient. 


@ Built-in Normalization Logic - 
The mantissa and exponent of a floating-point num- 
ber can be developed using a single microcycle per 
shift. Status flags indicate when the operation is 
complete. 
Built-in Multiplication and Division Logic - 
Performs unsigned multiplication, two's complement 
multiplication and the last cycle of a two's comple- 
ment multiplication. 


GENERAL DESCRIPTION 


The Am2903A is a four-bit expandable bipolar microproces- 
sor slice. The Am2903A performs all functions performed 
by the industry standard Am2901 and, in addition, provides 
a number of significant enhancements that are especially 
useful in arithmetic-oriented processors. Infinitely expand- 
able memory and three-port, three-address architecture are 


provided by the Am2903A. In addition to its complete 
arithmetic and logic instruction set, the Am2903A provides 
a special set of instructions which facilitate the implementa- 
tion of multiplication, division, normalization, and other 
previously time-consuming operations. The Am2903A is 
identical to the Am2903A but up to 30% faster. 


BLOCK DIAGRAM 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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BD002784 
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Am2903A 


RELATED PRODUCTS 


Description 


03579B 
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CONNECTION DIAGRAM 
Top View 


Leadiess Chip Carrier 


Cp004291 CD004281 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


2 1 48 47 46 45 44 43 


LOGIC SYMBOL 


@®& BBRRewe rts 


St 


lene HTILI 


gt at ot 6 


G) | Uelel ial vla Wk viel 9] Wa pie) 


LS000910 
21 22 GND 23 24 25 26 27 28 29 
DIE SIZE 0.163” x 0.197” 


ORDERING INFORMATION. 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


DC, DCB, DMB 
FMB 

LC, LMB 

XC, XM 


Am2903A D Cc B 
eee Screening Option 
Blank — Standard processing 
B - Burn-in 
Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 
Package 
D- 48-pin CERDIP 
F - 48-pin flatpak 
L - 52-pin leadless chip carrier 
X - Dice Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Am2903A 


Device Type 
Four-Bit Microprocessor Slice 
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Am2903A 


3| 


PIN DESCRIPTION 


Four RAM address inputs which contain the address of the RAM word appearing at the RAM A output port. 


Four RAM address inputs which contain the address of the RAM word appearing at the RAM B output port and into 
which new data is written when the WE input and the CP input are LOW. 
ee The RAM write enable input. If WE is LOW, data at the Y !/O port is written into the RAM when the CP input is LOW. 
i 


3 

When WE is HIGH, writing data into the RAM is inhibited. 
¥ A four-bit external data input which can be selected as one of the Am2903A ALU operand sources; DApg is the least 

significant bit. 
A control input which, when HIGH selects DAg.3 as the ALU R operand, and, when LOW, selects RAM output A as the 
ALU R operand and the DAo.g output data. 

1/0 | A four-bit external data input/output. Under control of the OEg input, RAM output port B can be directly read on these 

+4 


37 


Oo 


5 


A control input which, when LOW, enables RAM output B onto the DBg.3 lines and, when HIGH, disables the RAM 
output B tri-state buffers. 


The carry-in input to the Am2903A ALU. 
The nine instruction inputs used to select the Am2903A operation to be performed. 


The instruction enable input which, when LOW, allows the Q Register and the Sign Compare flip-flop to be written. 
When IEN is HIGH, the Q Register and Sign Compare flip-flop are in the hold mode. IEN also controls WRITE. 


This output generally indicates the carry-out of the Am2903A ALU. Refer to Table 5 for an exact definition of this pin. 


A multi-purpose pin which indicates the carry generate, G, function at the least significant and intermediate slices, and 
generally indicates the sign, N, of the ALU result at the most significant slice. Refer to Table 5 for an exact definition of 
this pin. 


A multi-purpose pin which indicates the carry propagate, P, function at the least significant and intermediate slices, 
and indicates the conventional two's complement overflow, OVR, signal at the most significant slice. Refer to Table 5 
for an exact definition of this pin. é 


An open-collector input/output pin which, when HIGH, generally indicates the outputs are all LOW. For some Special 
Functions, Z is used as an input pin. Refer to Table 5 for an exact definition of this pin. 


Bidirectional serial shift inputs/outputs for the ALU shifter. During a shift-up operation, SIOo is an input and SIOg an 
output. During a shift-down operation, SIO3 is an input and SIOo is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


Bidirectional serial shift inputs/outputs for the Q shifter which operate like SIOp and SIO3. Refer to Tables 3 and 4 for 
an exact definition of these pins. 


An input pin which, when tied LOW, programs the chip to act as the least significant slice (LSS) of an AM2903A array 
and enables the WRITE output onto the WRITE? pin. When LSS is tied HIGH, the chip is programmed to operate 
as either an intermediate or most significant slice and the WRITE output buffer is disabled. 


When LSS is tied LOW, the WRITE output signal appears at this pin; the WRITE oe! is LOW when an instruction 
which writes data into the RAM is being executed. When LSS is tied HIGH, WRITE/ is an input pin; tying it HIGH 
programs the chip to operate as an intermediate slice (IS) and tying it LOW programs the chip to operate as the most 
significant slice (MSS). 


Four data inputs/outputs of the Am2903A. Under control of the OEy input, the ALU shifter output data can be enabled 
onto these lines, or these lines can be used as data inputs when external data is written directly into the RAM. 


A control input which, when LOW, enables the ALU shifter output data onto the Yo-g lines and, when HIGH, disables 
the Yo.3 three-state output buffers. 


The clock input to the Am2903A. The Q Register and Sign Compare flip-flop are clocked on the LOW-to-HIGH 
transition of the CP signal. When enabled by WE, data is written in the RAM when CP is LOW. 


lines, or input data on these lines can be selected as the ALU S operand. 
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ARCHITECTURE OF THE Am2903A output ports. Identical data appear at the two output ports 
when the same address is applied to both address ports. The 
The Am2903A is a high-performance, cascadable, four-bit __ latches at the RAM output ports are transparent when the 
bipolar microprocessor slice designed for use in CPU's, clock input, CP, is HIGH and they hold the RAM output data 
peripheral controllers, microprogrammable machines, and nu- when CP is LOW. Under control of the OEg three-state output 
merous other applications. The microinstruction flexibility of enable, RAM data can be read directly at the Am2903A DB 
the Am2903A allows the efficient emulation of almost any (I/O) port. 
digital computing machine. The nine-bit microinstruction se- 
lects the ALU sources, function and destination. The External data at the Am2903A Y !/O port can be written 
Am2903A is cascadable with full lookahead or ripple carry, directly into the RAM, or ALU shifter output data can be 
has three-state outputs, and provides various ALU status flag enabled onto the Y I/O port and entered into the RAM. Data is 
outputs. Advanced Low-Power Schottky processing is used to written into the RAM at the B address when the write enable 
fabricate this 48-pin LSI circuit. input, WE, is LOW and the clock input, CP, is LOW. 


All data paths within the device are four bits wide. As shown in Arithmetic Logic Unit 
the block diagram, the device consists of a 16-word by 4-bit, 


two-port RAM with latches on both output ports, a high- The Am2903A high-performance ALU can perform seven 
performance ALU and shifter, a multi-purpose Q Register with arithmetic and nine logic operations on two 4-bit operands. 
shifter input, and a nine-bit instruction decoder. Multiplexers at the ALU inputs provide the capability to select 

various pairs of ALU source operands. The Ea input selects 
Two-Port RAM either the DA external data input or RAM output port A for use 

as one ALU operand and the OEg and Io inputs select RAM 
Any two RAM words addressed at the A and B address ports output port B, DB external data input, or the Q Register 


can be read simultaneously at the respective RAM A and B content for use as the second ALU operand. Also, during 
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some ALU operations, zeroes are forced at the ALU operand 
_ inputs. Thus, the Am2903A ALU can operate on data from two 
external sources, from an internal and external source, or from 
two internal sources. Table | shows all possible pairs of ALU 
source operands as a function of the Ea, OEg, and Io inputs. 


When instruction bits I4, Ig, lo, 14, and Ip are LOW, the 
Am2903A executes special functions. Table 4 defines these 
special functions and the operation which the ALU performs 
for each. When the Am2903A executes instructions other than 
the nine special functions, the ALU operation is determined by 
instruction bits 14, Ig, lo, and 14. Table 2 defines the ALU 
operation as a function of these four instruction bits. 


TABLE 1. ALU OPERAND SOURCES 


RAM Output A RAM Output B 


RAM Output A DBo-3 

RAM Output A Q Register 
DAo-3 RAM Output B 
DAo-3 DBo-3 
DAo-3 Q Register 


L = LOW H = HIGH X = Don't Care 


TABLE 2. Am2903A ALU FUNCTIONS 


Hex 
Code ALU FUNCTIONS 
seta io p 
aerial et F=S Minus - Minus 1 plus 
n 
efefafey 2 F =R Minus ages 1 Plus 


refc[a[a] @ | Fea Pus S Paw Gy 
rifele[cy «| ees Pie 
ref@lu[n] 6 | eeS Puc 
riefafu[c|@ [Fon Paw cy 
re]a[nla] 7 | FoR Pue Gy 
(line aie. saan 
rafcfe[e] @ | =A aN 
Tact] a | Fie EXCLUSIVE NOR 5, 
FHIL{H|H|  B | F)=Rj EXCLUSIVE OR S; 

afafefe[ ce | i-RANDS 
reJafe[w] 0 | Fic RNORS 
reyan[c[e [n= rNANO 
MuHa, & | feRons | 


L=LOW H = HIGH i=0 to 3 


Am2903As may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am2903As are 
cascaded, each slice must be programmed to be a most 
significant slice (MSS), intermediate slice (IS), or least signifi- 
cant slice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme 


$e Ott Secand si onenn S_ | 
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are generated by the Am2903A and are available as outputs of 
the least significant and intermediate slices. 


The Am2903A also generates a carry-out signal, Ch + 4, which 
is generally available as an output of each slice. Both the 
carry-in, Cp, and carry-out, Ch +4, signals are active HIGH. 
The ALU generates two other status outputs. These are 
negative, N, and overflow, OVR. The N output is generally the 
most significant (sign) bit of the ALU output and can be used 
to determine positive or negative results. The OVR output 
indicates that the arithmetic operation being performed ex- 
ceeds the available two's complement number range. The N 
and OVR signals are available as outputs of the most 
significant slice. Thus, the multipurpose G/N and P/OVR 
outputs indicate G and P at the least significant and intermedi- 
ate slices, and sign and overflow at the most significant slice. 
To some extent, the meaning of the C, + 4, P/OVR, and G/N 
signals vary with the ALU function being performed. Refer to 
Table 5 for an exact definition of these four signals as a 
function of the Am2903A instruction. 


ALU Shifter 


Under instruction control, the ALU shifter passes the ALU 
output (F) non-shifted, shifts it up one bit position (2F), or shifts 
it down one bit position (F/2). Both arithmetic and logical shift 
operations are possible. An arithmetic shift operation shifts 
data around the most significant (sign) bit position of the most 
significant slice, and a logical shift operation shifts data 
through this bit position (see Figure A). SIOg and SIO3 are 
bidirectional serial shift inputs/outputs. During a shift-up oper- 
ation, SIOo is generally a serial shift input and SIO3 a serial 
shift output. During a shift-down operation, SIO3 is generally a 
serial shift input and SlOo a serial shift output. 


To some extent, the meaning of the SIOg and SIO3 signals is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


The ALU shifter also provides the capability to sign extend at 
slice boundaries. Under instruction control, the SlOg (sign) 
input can be extended through Yo, Y1, Y2, Y3 and propagated 
to the SIO3 output. 


A cascadable, five-bit parity generator/checker is designed 
into the Am2903A ALU shifter and provides ALU error 
detection capability. Parity for the Fo, F;, Fo, Fg ALU outputs 
and SIO3 input is generated and, under instruction control, is 


made available at the SIOo output. Refer to the Am2903A - 


applications section for a more detailed description of the 
Am2903A sign extension and parity generation/checking 
capability. 


The instruction inputs determine the ALU shifter operation. 
Table 4 defines the special functions and the operation the 
ALU shifter performs for each. When the Am2903A executes 
instructions other than the special functions, the ALU shifter 
operation is determined by instruction bits lg, !7, lg, I5. Table 3 
defines the ALU shifter operation as a function of these four 
bits. 


Q Register 


The Q Register is an auxiliary four-bit register which is clocked 
on the LOW-to-HIGH transition of the CP input. It is intended 
primarily for use in multiplication and division operations; 
however, it can also be used as an accumulator or holding 
register for some applications. The ALU output, F, can be 
loaded into the Q Register, and/or the Q Register can be 
selected as the source for the ALU S operand. The shifter at 
the input to the Q Register provides the capability to shift the 
Q Register contents up one bit position (2Q) or down one bit 
position (Q/2). Only logical shifts are performed. QlIOg and 
QIO3 are bidirectional shift serial inputs/outputs. During a Q 
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Am2903A 


Register shift-up operation, QiIOg is a serial shift input and 
QIO3 is a serial shift output. During a shift-down operation, 
QIOg is a serial shift input and QIOp is a serial shift output. 


Am2903A Logical Shift Path 


Figure A. 8 
Am2903A Arithmetic Shift Path Slice Positions 


DF000420 


Double-length arithmetic and logical shifting capability is 
a S109 provided by the Am2903A. The double-length shift is per- 


formed by connecting QIO3 of the most significant slice to 


Parr SlOpo of the least significant slice, and executing an instruction 
seit which shifts both the ALU output and the Q Register. 

aga The Q Register and shifter are controlled by the instruction 

inputs. Table 4 defines the Am2903A special functions and the 

operations which the Q Register and shifter perform for each. 

When the Am2903A executes instructions other than the 

Os = special functions, the Q Register and shifter operation is 

controlled by instruction bits lg, 17, Ig, 15. Table 3 defines the Q 

endaneieee Register and shifter operation as a function of these four bits. 

Intermediate Slice 

DF000410 Output Buffers 


The DB and Y ports are bidirectional |/O ports driven by three- 
state output buffers with external output enable controls. The 
Y output buffers are enabled when the OEy input is LOW and 
are in the high impedance state when OEy is HIGH. The DB 
output buffers are enabled when the OEg input is LOW. 


TABLE 3. ALU DESTINATION CONTROL FOR lo OR 1; OR Ig OR 13 = HIGH, IEN = LOW. 


Y 


Q Reg & 


Hex | ALU Shifter | Most Sig; Other Shifter 
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Code; Function Slice |Slices| Slice /|Slices| Slice | Slices Function 
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ez 
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0 Hi 
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3 3 3 2 rs 


Parity =F3 V Fo V Fy V Fo V SIOg L=LOW Hi-Z = High Impedance 
Vv =Exclusive OR H = HIGH 
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TABLE 4. SPECIAL FUNCTIONS FOR Iq = I3 = Ip = 14 = Io = LOW (Note 4) 


> 
3 
RO 
° 
Go 
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ALU Shifter | Most Sig | Other Shifter 
Igizigis | Special Function ALU Function Function Slice | Slices Function 


: F=S$+C, if Z=L Log F/2-Y : 


Two's Complement F=S+Cp, if Z=L Log F/2-Y Hi-Z 
Multiply F=R+S+C, if Z=H (Note 2) : 


Increment by #8 we 

Sign/ Magnitude F=$+C, if Z=L Fy 

Two's Complement |F=S+C, if Z=H (Note 3) 
Two's Complement F=S$+C, if Z=L Log F/2-Y 
Multiply, Last Cycle F=S-R-1+C, if Z=H (Note 2) 


a . 


Ee Oe Me gi 


Normalize 


Double Length 
Normalize and First 
Divide Op 


C Two's Complement F=S+R+C, if Z=L 
Divide F=S-R-1+C, if Z=H 


Two's Complement Cif Z=L 
Divide Correction 1+C. if Z=H 
and Remainder 4 


~¥ 
Y 
ae Se ees 
: 
—¥ 


F=S+R 
F=S-R- 


Hi 
=] 
ey) 

mal 

i) 


o 
1a 
nm 
O 


Notes: 1. At the most significant slice only, the Cp, +4 signal is internally gated to the Y3 output. 
2. At the most significant slice only, Fz VY OVR is internally gated to the Y3 output. 
3. At the most significant slice only, Sg V Fg is generated at the Y3 output. 
4. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 
5. Not valid. 


L = LOW 
H = HIGH 
X = Don't Care 


= High Impedance 
= Exclusive OR 
= SIO3 V Fs V Fo V Fy V Fo 


Hi-Z 
Vv 
Parity 


The zero, Z, pin is an open collector input/output that can be On the Am2903A, when IEN is HIGH, the WRITE output is 


wire-OR'ed between slices. As an output it can be used as a 
zero detect status flag and generally indicates that the Yo.3 
pins are all LOW. To some extent the meaning of this signal 
varies with the instruction being performed. Refer to Table 5 
for an exact definition of this signal as a function of the 
Am2903A instructions. 


instruction Decoder 


The Instruction Decoder generates required internal control 
signals as a function of the nine instruction inputs, Ip-g; the 
Instruction Enable input, IEN; the CSS input; and the WRITE/ 
MSS input/output. 


The WRITE output is LOW when an instruction which writes 
data into the RAM is being executed. Refer to Tables 3 and 4 
for a definition of the WRITE output as a function of the 
Am2903A instruction inputs. 
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forced HIGH and the Q Register and Sign Compare Flip-Flop 
contents are preserved. When IEN is LOW, the WRITE output 
is enabled and the Q Register and Sign Compare Flip-Flop can 
be written according to the Am2903A instruction. The Sign 
Compare Flip-Flop is an on-chip flip-flop which is used during 
an Am2903A divide operation (see Figure B). 


Programming the Am2903A Slice Position 


Tying the LSS input LOW programs the slice to operate as a 
least significant slice (LSS) and enables the WRITE output 
signal onto the WRITE/MSS bidirectional |/O pin. When LSS 
is tied HIGH, the WRITE/MSS pin becomes an input pin; tying 
the WRITE/MSS pin HIGH programs the slice to operate as 
an intermediate slice (IS) and tying it LOW programs the slice 
to operate as a most significant slice (MSS). The WRITE/MSS 
pin must be tied HIGH through a resistor. WRITE/MSS and 
LSS should not be connected together. 
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Am2903A 


TABLE 5. Am2903A STATUS OUTPUTS 
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:1. If ESS is LOW, Go = So and Gi, 2 3=0. if LSS is HIGH, Go 1, 2, 3=09. 

: tse [SS is Hiad, B2 

A ificant_slice, C a atc Anameneie Caan 
. At the most _significant_slice, Ch +4=F3 2. At other slices, Ch44=Gv ; 
. Z=Qo O41 Go G3 Fo . 
6. Not valid. 
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H = HIGH = 1 
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Am2903A SPECIAL FUNCTIONS 


The Am2903A provides nine Special Functions which facilitate 

the implementation of the following operations: 

@ Single- and Double-Length Normalization 

@ Two's Complement Division 

@ Unsigned and Two's Complement Multiplication 

®@ Conversion Between Two's Complement and Sign/Magni- 
tude Representation 

@ Incrementation by One or Two 


Table 4 defines these Special Functions. 


The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 


Three Special Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by 
the Am2903A. These functions provide both single- and 
double-precision divide operations and can be performed in 
"n' clock cycles, where ''n'' is the number of bits in the 
quotient. 


R3 y¥ F3 


SPECIAL 
FUNCTION 
AORC 


TEN 


Figure B. Sign Compare Flip-Flop 


The Unsigned Multiply Special Function and the two Two's 
Complement Multiply Special Functions can be used to 
multiply two n-bit, unsigned or two's complement numbers, 
respectively, in n clock cycles. These functions utilize the 
conditional add and shift algorithm. During the last cycle of the 
two's complement multiplication, a conditional subtraction, 
rather than addition, is performed because the sign bit of the 
multiplier carries negative weight. 


The Sign/Magnitude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be convert- 
ed to the Two's Complement representation, and vice-versa, 
in one clock cycle. 


The Increment by One or Two Special Function can be used to 
increment an unsigned or two's complement number by one 
or two. This is useful in 16-bit word, byte-addressable ma- 
chines, where the word addresses are multiples of two. 


Refer to Am2903A applications section for a more detailed 
description of these Special Functions. 


SIGN 
COMPARE 
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The sign compare signal appears at the Z output of the most signifi- 


CYCLE TIMES FOR 16-BIT SYSTEM FOR 
COMMON OPERATIONS 


The illustration below shows a typical configuration using 4 
Am2903A Superslices, an Am2902A carry lookahead chip, 
and the Am2904 for shift multiplexers, status registers, and 
Carry-in control. For the system enclosed within the dashed 
lines, there are four major switching paths whose values for 
various kinds of cycles are summarized below, and shown on 
the timing waveform. 


1. MICROCYCLE TIME (TCHCH). 
The minimum time which must elapse between a 
LOW-TO-HIGH clock transition and the next LOW-TO- 
HIGH clock transition. 


2. DATA SET-UP TIME (TDVCH). 
The minimum time which must be allowed between 
valid, stable data on the D inputs and the clock LOW- 
TO-HIGH transition. 


3. D TO Y (TDVYV). 
The maximum time required to obtain valid Y output 
data after the D inputs are valid. This is the combina- 
tional delay through the parts from D to Y. 


4. CP TO Y (TCHYV). 
The maximum time required to obtain valid Y outputs 
after a clock LOW-TO-HIGH transition. 


cant slice during special functions C and E. Refer to Table 5. 


The types of cycles for which data is summarized are as 
follows: 


1. Logic - Any logical operation without a shift. 

2. Logic Rotate - Any logic operation with a rotate or 

shift. 

3. Arithmetic - An add or subtract with no shift. 

4. Multiply - The first cycle of a 2's complement multiply 
instruction. Subsequent cycles require less 
time. 

5. Divide - The iterative divide cycle. The first divide in- 

struction and the last divide (correction) in- 
struction require less time. 


Time in ns Over Commercial 
Operating Range 


[1osic rovare | ive | oo | 70 | a0 
Tanimnweric | 130 | 109 | ov | 112 
Pwucreuy | ase | 1a | 05 | 105 
Powe | ee [are [08 | rat 
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16-Bit System with Am2903A, Am2902A, Am2904 


FROM MICROPROGRAM 
MEMORY 


Am2918 
iE REGISTER 
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Timing Waveforms for Data in, Clock, and Y Out 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature .....................0.0. -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55°C to +125°C Beg Bpbee aig (ek en ae epee 0°C to +70°C 
Supply Voltage to Ground Potential weeny VONGO6 itn asic. +4.75V to +5.25V 
MUI 5.07 6c. sc soil ttain osc). ee -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State .................0..0.. -0.5V to +Voc max 
OG input Moltage = ooo... 5.650 soc deccnscnsses -0.5V to +5.5V 
DC Output Current, Into Outputs ...........00.cccccccee ee 
DC input-Cunent ciccccssiresves covivdecrrens 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
PPMTIOOTOUNG o.oo 5. Acs ices nccecesccistiaces -55°C to +125°C 
SUDDI -VONAOIO. sii)... 0608. signet >: deaskea +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters. Description Test Conditions (Note 2) 


IOH = -—1.6mMA 
Yo-Y3, G/N 


Voc = MIN loH = -800uA 
SIOo, SIO3, QiOp, QIO3, 
’ Ch +4 


Output Leakage Current Voc = MIN, Vox = 5.5V 
for Z Output (Note 4) Vin = Vin, or Vit 


Yo Yi: Yo OL = 20mA (COM'L) 
Y3, Z lo. = 16mA (MIL) 
DBo, DB}, lo. = 12mA (COM'L) 
Voc = MIN DB2, DB3 loL = 8.0mA (MIL) 
VoL Output LOW Voltage GIN ar S18mA 
VIN = Vin} Or= Vit 
: P/OVR OL = 10mA 
Ch + 4; S!Oo 
SIO3, QIOo lo. = 8.0mA 
QIO3, WRITE 


Guaranteed input logical HIGH 
VIH Input HIGH ‘Level voltage for all inputs (Note 6) 
Guaranteed input logical LOW 
Vit Input LOW Level voltage for all inputs (Note 6) 


Vi Input Clamp Voltage Voc = MIN, lin =-18mA 


hie input LOW Current 


input HIGH Current 


< 


olts 


Volts 


Volts 


n 
Yo, Y1, Ya, Y¥3 


lo, I4, lo, 1g, 14 
DAo, DAi, DAz2, DAg 


SIOp, SIO3, AlOo, 
QIO3, MSS; DBop, DB; 
DBo, DB3 


All other inputs 


Voc = MAX, Vin = 0.5V -0.72 


(Note 4) 


-0.77 


oO 
3 


| 


Yo, Yo, Y3 
lo-l4, DAp-DA3 
SIO, SIO3, QIOo, 


ae DBo.3, 


All other inputs 


Voc = MAX, Vin = 2.7V 
(Note 4) 


< 
3 o 
ots ee 
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Am2903A 


eer) [Max | Unite 
(Note 1) 
bod open _| 


Description al Test Conditions (Note 2) iF Min | 
fr nput HIGH Curent Voo= MAX Vin= 5V eae eas 
vg= adv. fae adap orseiprnanoe 
| Of State ee [vo = day eee ee awe 
O mpedance Voc = MAX, 
oat ——_| Output Curent Naa ay” | RBps Gio, Gidy, — [vomzav [|| "oo 
Ro ge WTTEIMEE | Vo = R6V ead oe 
a ha Soa eS 
Current (Note 3) Vo = 0.5V 
We ee 
ar) ET, es Sa ee eo 
Power Supply Curent SM eS 
aes Be fign-se we ec [| ees 
ES oe sescsn mae eatetn 


1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. . 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Yo.3, DBo.3, SIOo,3, QlIOp,3 and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-collector 
output internally connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF 
state. 

. Worst case Icc is at minimum. temperature. 

. These input levels provide zero noise immunity and should only be static test 


ed in a noise-free environment (not functionally tested). 


om 


Am2903A Burn-in and Life Test Circuit 


Voc CLOCK 


1k 
Voc 
1k 43 Bande 39 a6 31 


lg Ig DA DA EA LSS IEN OEY OEB 


: 


Is tg lg. to DA, DAz WE 


Voc 
O.1uF 
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I. Am2903A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 


The Am2903A switching characteristics are a function of the 
power supply voltage, the temperature, and the operating 


mode of the devices. The data has been condensed onto the 
tables below. All numbers in the tables are in ns. 


INDEX TO SWITCHING TABLES | 


I-1. Am2903A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 


The tables below specify the guaranteed performance of the 
Am2903A over the commercial operating range of 0 to + 70°C 
with Voc from 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at 1V/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 


TABLE A. CLOCK AND WRITE PULSE CHAR- 
ACTERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 
Minimum Clock High Time 
Minimum Time CP and WE both Low to Write 


5-37 


[8 | Enable/Diable Tinos | 475 w 625v, 010 70° | A Funatons 


Combinational Delays 4.75 to 5.25V, 0 to 70°C Standard Function and Incre- 
ment by 1 or 2 | 


Combinational Delays 4.75 to 5.25V; 0 to 70°C Multiply Instructions 
Combinational Delays 4.75 to 5.25V, 0 to 70°C Divide Instructions 


Combinational Delays | 4.75 to 5.25V, 0 to 70°C Sign Magnitude to Two's 
Complement Conversion 


Combinational Delays 4.75 to 5.25V, 0 to 70°C Single Length Normalization 


TABLE B. ENABLE/DISABLE 
TIMES ALL FUNCTIONS 


__From | To _|Enable| Disable 
ae 
BB oe 


Note: C_ = 5.0pF for output disable tests. 
Measurement is made to a 0.5V 
change on the output. 
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TABLE C. SETUP AND HOLD TIMES ALL FUNCTIONS 


_ HIGH-to-LOW LOW-to-HIGH 


Am2903A 


wil 
[with Respect to [Seup [Hold [Soup [Hod |Comments | 
ry fer Dow Gare [Dont Gare [14 [8 Store ¥ im RAWG (Note 1) 
ean eee ee le ore 
PWELow [op ——~(Dont care [Dont Care [18 [0 (| Wrte imo RAM 
TAB Souco [GP +20 |8 | Bont Care | Don't Gare | Latch Data from RAM Out | 
fe ftom [S| Wit Data into 8 Adress | 

FO, GR at [Dont Coeg| Bont. Coe [17 af@an can) SM@ 
= foo fo | Wite into @ ote 2) 

fo __| Prevent wring into 
ENtow [op —~|[ Bont Care [Dowt Gare [21 [0 —‘[WitomoQ 
rs Ce KE Ee 


Note 1: The internal Y-bus to RAM setup condition will be met 5ns after valid Y output (OEY = 0). 

Note 2: The setup time with respect to CP falling edge is to prevent writing. The setup time with respect to CP rising edge is to 
enable writing. 

Note 3: For all other set up conditions not specified in this table, the set up time should be the delay to stable Y output plus the Y 
to RAM internal setup time. Even if the RAM is not being loaded, this set up condition ensures valid writing into the Q 
register and sign compare flip flop. 

Note 4: WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS output. 
To prevent writing, IEN and WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has 
gone LOW to cause a write provided the WE LOW and IEN LOW set-up times are met. Having gone LOW, they should not 
be returned HIGH until after the clock has gone HIGH. 

Note 5: A and B addresses must be set-up prior to the clock HIGH-to-LOW transition to latch data at the RAM output. 

Note 6: Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

Note 7: Because !g7¢5 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock 
LOW time unless TEN is HIGH, which prevents writing. 

Note 8: The set-up time prior to the clock LOW-to-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-to- 

LOW transition and the clock LOW time. The actual set-up time requirement on 143210 relative to the clock LOW-to-HIGH 

transition is the longer of (1) the set-up time prior to clock L > H, and (2) the sum of the set-up time prior to clock H ~L and 

the clock LOW time. 
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 
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I-2 STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF 4) 


aes a Teams Bes as 74 67 sae 
Ce Pe ee bie. oe Ben ee 
Ae eo ee) eo el al a 
te | a ee | ee el ee | 
i OL eT ea ee) | et rt ee a 
ee ee ee ee er 
i a fe ee lie oe] ee a 


Notes: 1. A ''-"" means the delay path does not exist. 


Standard Functions: See Table 2 Increment SF 4: F=S+1+Cn 
Y {.Z=17(OEY = H) 
TEN . / MSS = 20 

EA { OUTPUT = DA- OUTPUT 


I-3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6) 


Bae aes 

A, B Addr Pee eee en ee 
LSS 1 oe ee ioe ee 
we ee ee ee le 
DA, DB oe ee ee ee 
Cee Pr ee es ee es a ere ee 
ee ee a ee) ee ee ee 
Cn ie eo ee 
Be le ee 

ete Bea BES Ceara ol 2 a Wes 5 AS 

Sie ies wees 

we idence eee ee 


Notes: 1. A ''~'' means the delay path does not exist. 


Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle 


SF 0: F=S+Cn if Z=0 SF 2: F=S+Cn if Z=0 SF 6: F=S+Cn if Z=0 
F=$+R+Cn if Z=1 F=R+S+Cn if Z=1 F=S-R-1+Cn if Z=1 
Y = Log. F/2 Y = Log. F/2 Y =Log. F/2 
Q=Log. Q/2 Q=Log. Q/2 Q=Log. Q/2 
Y3 =Ch +4 (MSS) Y3 =F3 ® OVR (MSS) Y3 = OVR ® (MSS) 
Z=Qo (LSS) Z = Qo (LSS) Z = Qo (LSS) 
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 


I-4 DIVIDE INSTRUCTIONS (SF A, SF C, SF E) 


eS eer ae 

Ge Be SS eee es 

es eS Se ee Ss 

MSS... gy NT oisceur vibra = 

fen se SR BES Ss 5 BS SESS SS 
ee Re eee a ee ae ee 
eee SK es a Se ee a Re oes a | a ee 

Notes: 1. A ''-'' means the delay path does not exist. ; 


Double Length Normalize and First Divide Op 


SF A: F=S+Cn 
Y =Log. F/2 
Q=Log. Q/2 
SIO3 = Fg ® Rg (MSS) 
Cn+4=Fg © Fo (MSS) 
OVR = Fo ® Fy (MSS) 
Z=Qo Q; Ge As Fo Fi Fo Fs 


Complement Divide 


SF C: F=R+S+Cn if Z=0 

F=S-R-1+ Cnif Z=1 

Y =Log. F/2 

Q=Log. Q/2 

SIO3 = F3 ® Rg (MSS) 

Z=F3 ® R3 (MSS) from previous cycle 


Complement Divide Correction and Remainder 


SF E: F=R+S+Cn if Z=0 
F=S-R-1+Cn if Z=1 
Y=F 

Q=Log. Q/2 

Z =F 3 © Rg (MSS) from previous cycle 
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fellas etal ele |oo| flea af aoe} || 
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; ALLEL | | ielelstelel |]: Bll tet falatelaltel [> 
ana : 
® wi ui a) 
re | = = 
= ra ra a 
2 uw. > G 
> & . 
ba ge N 
gS -afebela fl 4-F+1]-f betel ff sfetele) fl) 4-f+/4-falfel [+> : 
o O a 
Co S 
ad cc -_ Oo 
3 w : 
<¢ 2 2 NN 2 Lu 
Cc a ” 
— (@) — 
2 0 2 
£ Oo 
wo & ® i 
Sc é E 
rot 
re) = nd 
<7 2 
oS 2 
Ww fe) 
s O z 
= wn 
96 Aa 
Oo Lael 
S 
ee z z 
= vz ” uu < 
.«§ O * © ~ininjo = am] + ™ 
[) jane c S OO oir a toi c o 
> ) , 6 om iS) 
(eo) Ww 2 oe 5 2 
OG - - Oo 4 > 
cS - ~ISISIS io | a 7) ~IS|S|&S 2 
n & at € : 
c< | ” is 
Ww = £ £ 
—— | Ss a 
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= oO oO 
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os : ; 
ao ~~ 
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Am2903A 


ll. Am2903A GUARANTEED MILITARY 
RANGE PERFORMANCE 


The Am2903A switching characteristics are a function of the 
power supply voltage, the temperature, and the operating 


mode of the devices. The data has been condensed onto the 
tables below. All numbers are in ns. 


INDEX TO SWITCHING TABLES 


li-1. Am2903A GUARANTEED MILITARY 
RANGE PERFORMANCE 


The tables below specify the guaranteed performance of the 
Am2903A over the military operating range of 0 to + 70°C, with 
Voc from 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at 1V/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 


TABLE A. CLOCK AND WRITE PULSE CHARAC- 
TERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 


Minimum Time CP and WE both Low to Write 


[wnimum Glock High Te Se 


[a] enable/Diabie Tines | 47510 525V. 010700 | __Al Functions 


yaaa ‘ Standard Function and Incre- 
bas Combinational Delays 4.75 to 5.25V, 0 to 70°C ment by LoD 


Combinational Delays 4.75 to 5.25V, 0 to 70°C Multiply Instructions 
Combinational Delays 4.75 to 5.25V, 0 to 70°C Divide Instructions 


1-5 Combinational Delays | 4.75 to 5.25V, 0 to 70°C Sign Magnitude to Two's 
Complement Conversion 


Combinational Delays 4.75 to 5.25V, 0 to 70°C Single Length Normalization 


5-42 


Applicable to 


TABLE B. ENABLE/DISABLE 
TIMES ALL FUNCTIONS 


Note: CL = 5.0pF for output disable tests. 
Measurement is made to a 0.5V 
change on the output. 
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TABLE C. SETUP AND HOLD TIMES ALL FUNCTIONS 


HIGH-to-LOW LOW-to-HIGH 


With Respect to 


The internal Y-bus to RAM setup condition will be met 5ns after valid Y output (OEY = 0). 

The set-up time with respect to CP falling edge is to prevent writing. The setup time with respect to CP rising edge is to 
enable writing. 

For all other set up conditions not specified in this table, the set up time should be the delay to stable Y output, plus the Y 
to RAM internal setup time. Even if the RAM is not being loaded, this set up condition ensures valid writing into the Q 
register and sign compare flip flop. 

WE controls writing into the RAM. IEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS 
output. To prevent writing, IEN and WE must go HIGH during the entire clock LOW time. They may go LOW after the 
clock has gone LOW to cause a write provided the WE LOW and JEN LOW set-up times are met. Having gone LOW, they 
should not be returned HIGH until after the clock has gone HIGH. 

A and B addresses must be set-up prior to the clock HIGH-to-LOW transition to latch data at the RAM output. 
Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 
Because |g7¢5 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock 
LOW time unless JEN is HIGH, which prevents writing. 

The set-up time prior to the clock LOW-to-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up time requirement on 143210 relative to the clock LOW-to- 
HIGH transition is the longer of (1) the set-up time prior to clock L >H, and (2) the sum of the set-up time prior to clock H 
~L and the clock LOW time. 
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[Sep [hoe [Soup [hod [Comments 
[op [Dont Gare [Dont care [ia [8 Sire Vin RAWO Wow 
. SESS Se Bes See 

[WE Low or | Dont Gare [Dont Gare [18 Jo 
[Assocs [or [av [a | Dov Gas | Dont Gare [ath Data tom RAM Oat 
a CC 
fo | wite iio @ Woe 3) 
_C es Ca CES OS 
fo 
PRES: 


Write into RAM 


Write into Q (Note 2) 


veo6cwy 


Am2903A 


SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 


ll-2 STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF 4) 


Notes: 1. A ''="" means the delay path does not exist. 


Standard Functions: See Table 2 wees bh SF 4: F=S+1+Cn 


EA = OUTPUT = DA. OUTPUT 


ll-3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6) 


[ae |v feeler| 2 | m [om | on HBF ons | oon 


We ee ee ee 
A, B Addr ese fe te eee 
[ET eS Ee a es ae eS Pees eee ee ee ee ee 
MER jon oc Hc A@oed. (BRas hiacronlatirio dB oho Mm enmieihcs aalsgieedl. 5 OB 
DA, DB (ee ee se a ee ee ee ee es ee 
eee are cite PROT Clem | Sade oreney pee WC. so0h] Sos Ope Aaa Seer) | Bees 
ase Cr Pig ope ger ee ene a eee OE eee ek ee 
ee eee | ert ee he ee ee 
[ea ee ss ae es as eee Me 
Mee ie | Pe fe a ee 
eee ee a ee eae ee ee ee 
ce Sk ae ee ee ee ee ee ee 
WS ee ae ee ee ee 
i eh ee ee ee 
(ees Bee Se ee ee ee ee ee ee ee 
ee me eS pe | a a 
(ee eae Te se as es a ee ee ee ee 
FY Ces ae ee ae es a ae ee Se 2 ee 
eames aie ee ee aes a eee ee ee ot a eee 
Notes: 1. A ''-'' means the delay path does not exist. 
Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle 
SF 0: F=S+Cn if Z=0 SF 2: F=S+Cn if Z=0 SF 6: F=S+Cn if Z=0 
F=S+R+Cn if Z=1 F=R+S+Cn if Z=1 F=S-R-1+Cn if Z=1 
Y3 =Cnh+4 (MSS) Y3 =F 3 ® OVR (MSS) Y3 = OVR ® Fg (MSS) 
Z = Qo (LSS) Z = Qo (LSS) Z=Qp (LSS) 
Y = Log. F/2 Y =Log. F/2 Y = Log. F/2 
Q=Log. Q/2 Q=Log. Q/2 Q=Log. Q/2 
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 
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ll-4 DIVIDE INSTRUCTION (SF A, SF C, SF E) 


PPA eee Ce ee ee ee 
ees ee ee ee er. | Oe ee ee a 
A, B Addr Ne aa ee eee er ee i el OP ee 
(eae ae GR Ly ey. Ses eas sae ees ee a M2 ee 
MSS oo | eo ae ie ere a ee et 
DA, DB eee ee Ee. Le ee Re ee ee ee i 
SS ee ee ee Se ee i ee 
NSS ee eee = a | oe ie ee 
Cn IS ee ey | eee ee ee a 
| tae ee gel et Ae So ee ee 
mss _-7avee | aov7a | = | 90/33 | 71/01 | eovor | - | - | 26 | 76/8 | 
1s eee | Owe | ears Ws. |S al et SE ee] eee 
eS" ef eee, | Bere.) BBE) 80r= | = oy al = | ea ee] eres 
mss | gover | 51/74 |= | o7/ap..| 55/74. | Se/74.| 22 |= | 8 | esp 


Notes: 1. A ''—'' means the delay path does not exist. 


Double Length Normalize and First Divide Op 


SF A: F=S+Cn 
SIO3 = F3 ® Rg (MSS) 
Cnh+4=Fg ® Fo (MSS) 
OVR = Fo ® F (MSS) 
Z= Qo Qy Q2 Og Fo Fi Fo Fa 
Y =Log. F/2 
Q=Log. Q/2 


Complement Divide 


F=R+S+Cn if Z=0 
F=S-R-1+ CnifZ=1 
Y =Log. F/2 

Q=Log. Q/2 


SIO3 = F3 © Rg (MSS) 
Z=F3 ® Rg (MSS) from previous cycle 


Complement Divide Correction and Remainder 
F=R+S+Cn if Z=0 
F=S-R-1+Cn if Z=1 


Q=Log. Q/2 
Z =F 3 ® Rg (MSS) from previous cycle 
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 
ll-5 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5) 


| sie |v |enss| ae | z | w | om | pe | "Wes | loos | sion 
From Slice Y On+% MSS 
ee es ee ee ee es ee ee ee ee eee eee 
A, B Addr ‘| See ee ee ee eS Bees SS Sl es ee eee 
nS ee ee Se ee ee ee | ee ee ee 


| Mss. ---| 108} jaa, f= | 4} tor] gor} nf fe Ltt 
DA, DB Cee ee ee ee 


Notes: 1. A ''-"' means the delay path does not exist. 
SF 5: F=S+Cn if Z=0 Y3 = Sg ® Fg (MSS) 
F=S+Cn if Z=1 Z =S3 (MSS) 
Y=F 


To 
WRITE/ 
is Ch +4 MSS 
0 71 


A, B Addr MESS BS Se a Ms a een ee 
Lee Se Se ee es a ee 
(ERS Gd We ee a ee es 

DA, DB (eee ee Se a ed eee 


Notes: 1. A ''-"" means the delay path does not exist. 


SF 8: F=S+Cn Cn +4 = Q3 ® Qo (MSS) OVR = Qo ® Q; (MSS) 
N = Q3 (MSS) Z=Qo Q; &> Q3 
Y=F 


Q=Log. Q/2 


03579B ° 
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SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 


& 
3 
ND 
© 
=) 
© 
> 


Voc Voc 
R 
$, os | Sy : 
Your O——-O Vout 0-0” 
Ro | CL | CL 
ae TC001150 TC001091 
TC001160 
2.4V 
MD mera 
-1OH 
£ 5.0 -Vpe- VoL Ls 5.0-Vpe- Vor es 5.0-VoL 
lo. + VoL . lot + VoL : loL 
1K Ro 


Notes: 1. Cy = 50pF includes scope probe, wiring and stray capacitances without device in hand in test fixture. 
2. S1, Se, Sg are closed during function tests and all A.C. tests except output enable tests. 
3. Sq and S3 are closed while So is open for tpz} test. 
S; and So are closed while Sg is open for tpz;,_ test. 
4. Ci = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2903A (DIP) 


| Pin# | Pintabel_ | Test Circuit] Ry | Re 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices."' 
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Am2904 


Status and Shift Control Unit 


DISTINCTIVE CHARACTERISTICS 


Replaces most MSI used around any ALU - 
including the Am2901, Am2903, Am29203 and MSI 
ALUs. 

Generates Carry-in to the ALU - 
Carry signal is selectable from 7 different sources. 
Contains shift linkage multiplexers - 

Connects to shift lines at the ends of an Am2901, 
Am2903, or Am29203 array to implement single and 
double length arithmetic and logical shifts and rotates - 
32 different modes in all. 


® Contains two edge-triggered status registers - 

Use for foreground/background registers in controllers 
or as microlevel and machine level status registers. Bit 
manipulating instructions are provided. 

Condition Code Multiplexer on chip - 

Single cycle tests for any of 16 different conditions. 
Tests can be performed on either of the two status 
registers or directly on the ALU output. 


GENERAL DESCRIPTION 


The Am2904 is designed to perform all the miscellaneous 
functions which are usually performed in MSI around an 
ALU. These include the generation of the carry-in signal to 
the ALU and carry lookahead unit; the interconnection of 
the data path, auxiliary register, and carry flip-flop during 
shift operations; and the storage and testing of ALU status 
flags. These tasks are accomplished in the Am2904 by 
three nearly independent blocks of logic. The carry-in is 


generated by a multiplexer. The shift linkages are estab- 
lished by four three-state multiplexers. There are two 
registers for storing the carry, overflow, zero, and negative 
status flags. The condition code multiplexer on the Am2904 
can look at true or complement of any of the four status bits 
and certain combinations of status bits from either of the 
storage registers or directly from the ALU. 


BLOCK DIAGRAM 


° 
1 


So 
O10, 
erc 


- i 


, TEST CONDITION (TO 2910 CC INPUT) 


BASIC FEATURES OF Am2904 


QN0 
$10, 


ARRAY OF 29018 , 2003s OR 292038 


BD001852 


All the logic shown except the array of 2901s, 2903s, or 29203s is contained in the Am2904. 
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RELATED PRODUCTS 


Description 
4-Bit Microprocessor Slice 


Am2903 Advanced 4-Bit Bipolar Microprocessor Slice 


Am29203 4-Bit Bipolar Microprocessor Slice 


> 
3 
N 
© 
r=) 
bes. 


Am2910 Microprogram Controller 
Am29811 Next Address Control Unit for 2909A/11A 


For additional applications refer to Chapter 4 of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publications. 
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CONNECTION DIAGRAM 


Top View 


Chip-Pak™ 


CD004150 


CD004130 CD004140 


Note: Pin 1 is marked for orientation 


NC = No Connection. 


LOGIC SYMBOL 
(DIP) 


PrN 


25-4. SO Oe ARASH a 


LS000872 


METALLIZATION AND PAD LAYOUT 
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ie 
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26 27 28 29 30 31 32 33 3435 
GND 


DIE SIZE 0.140” x 0.161” 
Pad Numbers correspond to DIP pinout 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


B 

L. Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C - Commercial (0°C to + 70°C) 
M —- Military (~55°C to + 125°C) 


Package 

D - 40-pin CERDIP 

F — 42-pin flatpak 

L - 44-pin leadless chip carrier 
X - Dice 


Device type 
Status and Shift Control Unit 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
5-50 


Valid Combinations 


Am2904 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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po6cuiy 


Am2904 


|_Pin No. [Name | 1/0 | Description 
[9 [iz | 1. | Zero status input pin, intended for connection to the Z outputs of the Am2903 or the F = 0 outputs of the Am2901. 


See ae Se Carry status input pin, intended for connection to the Cn +4 Output of the most significant ALU slice. 


Sign status input pin, intended for connection to the most significant ALU slice. The connection is to the N pin on the 
Am2903, and the Fg pin on the Am2901. 


This pin, used in conjunction with Ez, Ec, En, Eovr acts as the overall enable for the Machine Status Register. When 
the pin is LOW, MSR bits may be modified, according to the states of E, Ec, En, Eovr. Wheii HIGH, the MSR will 


retain the present state, regardless of the state of Ez, Ec, En, Eovr. 
Ez, Ec These pins, when LOW, enable the corresponding bits in the Machine Status Register. When HIGH, they will prevent 
Ee the corresponding bits from changing state. By using these pins together with the CEm pin, MSR bits can be 
ets selectively modified. © 


This pin, when LOW, enables all four bits of the Micro Status Register. When this pin is HIGH, the “SR will not change 
state. 


32, 31, 29, |Yz; Yo, 1/O | These pins form a three-state bidirectional bus over which MSR and uSR status can be read out or the MSR can be 
28 YN; loaded in parallel. 


Yovr 
eee |: See Ee When LOW, this pin enables the Y pins as outputs. When HIGH, the Y outputs are in the high impedance state. 


| 27. ~«(|CT.~—«||._-O_| The conditional test output. The output of the Condition Code multiplexer appears here. 

| 26 ~~~—~*[OEct._ |_|. | When this pin is LOW, the CT pin is active. When HIGH the CT pin is in the high impedance state. 

1/0 | These pins complete the linking for the various shift and rotate conditions. SIOp is intended for connection to the SIO9 
pin of the least significant Am2903 slice (RAMo for Am2901). SIO, connects to the SIOg pin of the most significant 
Am2908 slice, (RAM3 for Am2901). QIOg connects to the QiOp pin of the least significant Am2903 slice (QIOg for 
Am2901) and QIO, connects to the QIOg pin of the most significant Am2903 slice (Q3 for Am2901). 


This pin controls the state of the shift outputs. When LOW, the shift outputs are enabled. When HIGH, the shift outputs 
are in the high impedance state. 


This pin is the output of the Carry-in Control Multiplexer. It connects to the Cp input of the least significant ALU slice, 
and the Cp, input of the Am2902A. 


This pin is used as an input to the Carry-In Control Multiplexer which can route it to the Co pin. The Cx pin is intended 
for connection to the Z output of the Am2903 to facilitate some of the Am2903 special instructions. 


The clock input to the device. The uSR and MSR are modified on the LOW to HIGH transition of the clock input. All 
other portions of the Am2904 are combinational and are unaffected by CP. 
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Am2904 ARCHITECTURE 


The Am2904 Status and Shift Control Unit provides four 
functions which are included in all processors. These are: a) 
Status Register, b) Condition Code Multiplexer, c) Shift Link- 
ages and d) Carry-in Control. The architecture and instruction 
codes have been designed to complement the flexibility of the 
2900 Family. 


Status Register 


The Am2904 contains two four-bit registers which can store 
the status outputs of an ALU: Carry (C), Negative (N), Zero (2), 
and Overflow (OVR). They are designated Micro Status 
Register (uSR) and Machine Status Register (MSR). Each 
register can be independently controlled. The registers use 
edge-triggered D-type flip-flops which change state on the 
LOW to HIGH transition of the Clock Input. 


The wSR can be loaded from the four status inputs (Ic, IN, !z, 
lov”) or from the MSR under instruction control (Io.5). The bits 
in the wSR can also be individually set or reset under 
instruction control (lo.5). When the CEy input is HIGH, the 
HSR is inhibited from changing, independent of the Ip-5 inputs. 


The MSR can be loaded from the four status inputs (Ic, In, !z, 
lover), from the SR, and from the four parallel input/output 
pins (Yc, Yn, Yz, Yovr) under instruction control (lo.5). The 
MSR can also be set, reset or complemented under instruction 
control (Ip.5). The bits in the MSR can be selectively updated 
by controlling the four bit-enable inputs (Ez, En, Ec, Eovr) 
and the CEjy input. A LOW on both the CEjy input and the bit 
enable input for a specific bit enables updating that bit. A 
HIGH on a given bit enable input prevents the corresponding 
bit changing in the MSR. A HIGH on CEy prevents any bits 
changing in the MSR. 


The four parallel bidirectional input/output pins (Yz, Yn, Yo, 
Yovr) allow the contents of both the uSR and the MSR to be 
transferred to the system data bus and also allows the MSR to 
be loaded from the system data bus. This capability is used to 
save and restore the status registers during certain subrou- 
tines and when servicing interrupts. 


Condition Code Multiplexer 


The Condition Code Multiplexer output, CT, can be selected 
from 16 different functions. These include the true and 
complemented state of each of the status bits and combina- 
tions of these bits to detect such conditions as ‘'greater than’, 
''greater than or equal to"’, '‘less than"' or ‘less than or equal 
to'' for unsigned or two's complement numbers. 


The Am2904 can perform these tests on the contents of the 
uSR, the MSR or the direct status inputs, (Iz, IN, Ic, lovR). The 
CT output is used as the test (CC) input of the Am2910 and is 
provided with an output enable, OEcT to make the addition of 
other condition inputs to this point easy. 


Shift Linkage Multiplexer 


The Shift Linkage Multiplexer generates the necessary link- 
ages to allow the ALU to perform 32 different shift and rotate 
functions. Both single length and double length shifts and 
rotates, with and without carry (Mc), are provided. When the 
SE input is HIGH, the four input/output pins (SIOp, SlOp, 
QIOpo, QlO,) are disabled. The SIOo, SIOn, QIOp, QlOp pins of 
the Am2904 are intended to be directly connected to the 
RAMo, RAM3, Qo and Q3 pins of the AM2901 or the SIOo, 
SIO3, QIOp, QiIO3g pins of the Am2903. 


Carry-in Control Multiplexer 


The Carry-in Control Multiplexer generates the Co output 
which can be selected from 7 functions (0, 1, Cx, uc, Mc, uc, 


Mc). These functions allow easy implementation of both single | 


length and double length addition and subtraction. The Cx 


input is intended to be connected to the Z output of the | 


Am2903 to facilitate execution of some of the Am2903 special 
instructions. The Co pin is to be connected to the Cp pin of the 
least significant Am2901 or Am2903 and the Cp, pin of the 
Am2902A. 


Am2904 INSTRUCTION SET 


The Am2904 is controlled by manipulating the 13 instruction 


lines, lo.42, together with the nine enable lines, CEy, CE, Ez, 
Ec, En, Eovr, OEy, OEctT, SE. Most systems will save on 
microword bits by tying some of these lines to a fixed level or 
by connecting certain lines together, or by decoding microin- 
structions to generate appropriate Am2904 controls. 


Status Registers 


Instruction lines I5, 14, I3, lo, 14, Ip control the Status Registers. 
Below, these lines are referred to as two octal digits. 


Micro Status Register (uSR) 


The instruction codes for the Micro Status Register fall into 


three groups: Bit Operations, Register Operations and Load 
Operations (See Table 1 and Map 1). All operations require 
that CE, be LOW to operate. 


TABLE 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 


Bit Operations 


1543210 uUSR 
Octal Operation Comments 


RESET ZERO BIT 

SET ZERO BIT 

RESET CARRY BIT 
SET CARRY BIT 
RESET SIGN BIT 

SET SIGN BIT 

RESET OVERFLOW BIT 
SET OVERFLOW BIT 


Register Operations 


1543210 
Octal 


00 LOAD MSR TO uSR 

O1 SET uSR 
REGISTER SWAP 
RESET uSR 


uSR 
Operation Comments 


yoezwiy 
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Am2904 


Load Operations 


uSR 
Operation Comments 


1543210 
Octal 


06, 07 


IZ uz 
Ic> uC 
IN—> LN 
lovR + HOVR>HOVR 


LOAD WITH 
OVERFLOW RETAIN 


IZ>uz 
Ic>uC 
IN—> HN 
lovR> HOVR 


LOAD WITH 
CARRY INVERT 


LOAD DIRECTLY 
FROM 


IZ, Ic, IN, love 


Note: The above tables assume CEy is LOW. 


MAP 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 


LOAD WITH 
OVERFLOW 
RETAIN 


RESET SET RESET SET RESET SET RESET SET 
¥Z #2 #C HC HN HN HOVR HOVR 


LOAD WITH 
CARRY INVERT 


RESET 
HSR 


LOAD WITH 
CARRY INVERT 


LOAD WITH 
CARRY INVERT 


DFO00890 
Notes: 1. All unmarked locations are a load 
direct from Iz, Ic, IN, lovr_. 


Instruction Codes 10g to 17g are BIT operations. These 
operations set or reset the individual bits in the uSR. 


Instruction Codes 00g to 03g are REGISTER operations. 
These operations affect all bits in the uSR. 


00g This instruction loads the uwSR with the contents 
of the MSR while loading the MSR from the Y 
inputs and is further explained under ''INTER- 
RUPTS". 

O1g This instruction SETS all uSR bits. 
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02, This instruction SWAPS the contents of the uSR 
and the MSR. It will also COPY one register to the | 


other if the register to be copied is not enabled. 
This instruction RESETS all uSR bits. 


All instruction codes except those mentioned in 
the above two sections cause a LOAD operation 
from the lz, Ic, IN, love inputs. 


038 


06g, 07g When a series of arithmetic operations are being 
executed sometimes it is not necessary to test for 
an overflow condition after each operation, but 
rather it is sufficient simply to know. that an 
overflow occurred during any one of the opera- 
tions. Use of these instructions captures the 
overflow condition by loading the uSR overflow 
bit with the LOGICAL OR of its present state and 
lover: Thus, once an overflow occurs, wOVR will 
remain set throughout the remaining operations. 


30g, 318, 
50g, 51g, 
70g, 71g 


These instructions cause a load from the | inputs, 
but invert the carry bit. The reason for this is 
explained more fully under the ''BORROW 
SAVE" section. 


The remaining instructions load the uSR directly 
from the Iz, Ic, In, love inputs. 


All 
others 


Machine Status Register (MSR) 


The instruction codes for the MSR fall into two groups; 
REGISTER Operations and LOAD Operations. All operations 
require that CEyy be LOW to operate (See Table 2 and Map 2). 
BIT operations are accomplished by the use of Register or 
Load Operations with the Ez, Ec, En, Eovr inputs selectively 
set LOW. 


Instruction codes 00g-03g and 05g are REGISTER operations. 
They affect only those bits enabled by Ez, Ec, En, Eovr. 


00g This instruction loads the MSR from the Y inputs 
while transferring the present contents to the 
uSR. The use of this instruction is further ex- 


plained under "INTERRUPTS". 


Oig This instruction SETS all enabled MSR bits. 
023 This instruction SWAPS the contents of the uSR 
and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 
03g This instruction RESETS all enabled MSR bits. 
05g This instruction COMPLEMENTS all enabled 


MSR bits. 


All instruction codes except those mentioned in the above 
section cause a LOAD operation from the lz, Ic, IN, lov” 
inputs. 


04g The Am2904 Shift Linkage Multiplexer allows for 
shifts and rotates through the MSR CARRY bit. 
Some machines require a shift or rotate through 
the OVERFLOW bit. By using this code, which 
swaps the contents of the MSR CARRY bit (Mc) 
and OVERFLOW bit (Moyr~), the shift or rotate 
can be made to appear to take place through the 
OVERFLOW bit. The procedure is to swap the 
bits, shift or rotate (any number or positions) then 
swap the bits again. 
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MAP 2. MACHINE STATUS REGISTER IN- 
STRUCTION CODES. 


010 011 100 101 
RESET INVERT 
MSR MSR 


TABLE 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES 


\ 
210 000 001 


MSR ri 
MSR 

FROM Y 

LOAD WITH 

CARRY INVERT 


LOAD WITH 
CARRY INVERT 
LOAD WITH 
CARRY INVERT 
LOAD WITH 
CARRY INVERT 


06g, 07g ‘These instructions load the MSR directly from the 
128-278 IZ, Ic, IN, lovr inputs. 


Register Operations : iis 1 


1543210 MSR ay 
Operation Comments 
00 


LOAD Yz, Yc, YN, si: 


Yovr TO MSR 
SET MSR ce 
REGISTER SWAP 
RESET MSR 

INVERT MSR si 


Load Operations 


1543210 MSR 
Operation Comments 


LOAD FOR SHIFT 
THROUGH OVERFLOW 
OPERATION 


101 


110 


111 


LOAD WITH 
CARRY INVERT 


DFO00900 


LOAD DIRECTLY 
FROM lz, Ico 
IN, lov” 


lovR-Movr 


moreggeneig coe 10g, 11g These instructions cause a load from the | inputs 
Notes:1. The above tables assume CEy, Ez, Ec, En, 30g, 31g but invert the CARRY bit. The reason for this is 
Eovr are LOW. 50g, 51g explained more fullu under the 'BORROW SAVE' 

2. A shift-through-carry instruction loads Mc irre- 70g, 71g _ section. 
spective of I5-lo. 


Condition Code Multiplexer 
TABLE 3. Y OUTPUT INSTRUCTION CODES. 


[OE] te | | ¥ Outyut | Comment 


Output Off 
a te ee High Impedance 


The two instruction lines 14, Is select whether the wSR, the 
MSR or the direct inputs 17, Ic, IN, lovR are used as the inputs 
to the Y output buffer and the CT output (see Tables 3 and 4). 


The four instruction lines I3, lo, I4, Io will select one of 16 
possible operations to be carried out on the input bits, the 
result being routed to the Conditional Test Output (CT). Eight 
of the operations supply an individual status bit or its comple- 
ment to the CT output. Another four do more complex 
operations while the remaining four are the complemented 
results of these (See Table 4). 


Notes: 1. For the conditions: 
Is5, 14, Ig, lo, 14, Io are LOW, Y is an input. 
OEy is "Don't Care'' for this condition. 
2. X is "Don't Care" condition. 


The more complex operations are intended to follow the 
calculation A-B to give an indication of which is the larger (A, B 
unsigned) or more positive (A, B in 2's complement form). See 
Table 5. 


Instruction codes 16g and 17g form the EXCLUSIVE - OR and 
the EXCLUSIVE -— NOR functions of My and Iy. The use of 
these instructions is explained under ''NORMALIZING". 
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TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES. 


(HN@®HovA) + HZ (uN@®HOvA) + HZ (MN®Movr) + Mz (INDlova) + !z 
(4NOQvOVR)"HZ (uNOvOVA)"#Z (MnOMovar)Mz (INClova)iz 


UN@®HOVR UN®HOVR 
UNOKOVR HNOLOVR 
uz uz 
UZ UZ 
HOVR 
HOVR 
ue + Hz 


8 


ee © oe oe oe © oe =) 
tr! 
N 


™MOUOQDPFOOQN OA AWNH =| O 
“=~e-raAi ast et OOO OH |] 4B BO OO OC OO 
“-=-O0fr=;002+0022400 
=-OoOo--" OF OF OF" O90 0 + CO 


B'S 5151S 


NOTES: 1. @ Represents EXCLUSIVE-OR 


2. Correct code as stated. 


© Represents EXCLUSIVE-NOR or coincidence. 
TABLE 5. CRITERIA FOR COMPARING TWO NUMBERS 
FOLLOWING ''A MINUS B"' OPERATION. 


For Unsigned Numbers For 2's Complement Numbers 
Relation 


ae es. 
peer tH Oo | 
peo 5 


A=8 
Pace fame 
ase tomer 8 


® = Exclusive OR 


© = Exclusive NOR L = LOW 


Shift Linkage Multiplexer 


The five instruction lines 149, I9, Ig, !7, I6 control the SHIFT 
LINKAGE multiplexer. All instructions set up the linkages for 
both the ALU shifter (RAM shifter on the Am2901A) and the Q 
register. 


UP and DOWN shifts are decided by Iq which should be 
connected to Ig of the Am2903's instruction lines or |7 of the 
Am2901's instruction lines. A wide range of input and output 
connections are provided, allowing for single or double length 
shifting or rotating with or without the use of the MSR CARRY 
or SIGN bits (See Table 6). 


In the following discussion of some of the shifts the instruction 
codes are given as two octal digits AB; A represents 140, Ig, B 
represents lg, 17, Ig. 


When adding and down shifting on the same microcycle, (i.e. 
when doing multiplication or averaging) the shifter input must 
be the present CARRY, Ic, rather than the carry resulting from 


the last cycle (Mc). Instruction Code 13g accomplishes this for 


unsigned arithmetic. For 2's complement arithmetic, the re- 
quired shifter input is: Ij ® loyR. This is provided by Instruction 
Code 16g. 


Instruction Codes 14g, 15g, 17g provide the RIGHT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO- 
TATE WITHOUT CARRY functions respectively. 


Instruction Codes 34g, 35g, 37g provide the LEFT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO- 
TATE WITHOUT CARRY functions respectively. 


Sie: 
As 
| B | NOOVR= 
ba DAs 


(NOOVR):Z =1 


(N®OVR) + Z = 1 


H=HIGH Note: For Am2910, the CC input is active LOW, so use 
I3.9 code to produce CT = L for the desired test. 


The shift outputs are in the high impedance state unless SE is 
LOW. ? 


Loading of the Mc bit by a shift operation overrides any 
loading or holding of the Mc bit by MSR Instructions (Io.5, CE 
and Ec). 


""CARRY-IN" Control! Multiplexer 


The two instruction lines |42, 144 control the source of the 
CARRY output (Co). 


When |42 =0 Co = 144 


When |12=1 and 114 =0, the external carry input Cy is 
presented to the carry output. 


When I42 = 144 = 1 the carry output is selected from yc, uC, 
Mc or Mc as defined by Is, Ig, lo, 14 (See Table 7). 


APPLICATIONS INFORMATION 


Borrow - Save 


One of the capabilities of the Am2900 Family is the complete 
emulation of other processing machines. One requirement of 
an emulator is that, when a calculation is being performed, not 
only must the answer obtained from the Am2900 chips be the 
same as that from the machine being emulated, but after each 
machine level instruction, the status bits must be identical. 
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TABLE 6. SHIFTLINKAGE MULTIPLEXER INSTRUCTION CODES. 


je A ta A P,P A ae ae oe en 
0 0 


MSB LSB MSB LSB 


po6culy 


é O +--+} +=} : 
Niue AV 70 O + ++ 

eae ce es 

0 1 1 


SF On Ge tO a nO ese 


—_ 


hk 


QIOg 


In ® lovr 
QIOg 


N N N N N N N N N N N N N N N WN 


MSB LSB MSB LSB 
t) 


Bi ery el pa BE eg 
i eh eet eee 


ING INE UING IND RIND INE IND ING meIN AINE INGE AINE Bo ING INEOOIN 
N N N N ONS N N NSN EN NOUNS: N BLN CN 


Notes: 1. Z = High impedance (outputs off) state. 
2. Outputs ied and Mc iaeiedd only if SE is LOW. 
3. Loading of Mc from |19-6 overrides control from 15.9,CEm,Ec. 
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TABLE 7. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION CODES. 


There are alternative methods for subtracting in a digital 
machine and the state of the CARRY after the calculation 
depends on the method. For instance, the subtraction of 0100 
from 1010 by the 2's complement add method generates a 
result of 0110 with a CARRY. Direct subtraction however, 
yields an answer of 0110 with no BORROW. 


Many machines store the state of the CARRY for subtract 
operations, and this is the recommended method for maxi- 
mum effective use of the Am2904, but, to allow those 
machines which store the BORROW to be efficiently emulat- 
ed, the Am2904 has allocated special instructions. Using 
these codes causes the CARRY bit to be inverted before 
storage in the status registers and also re-inverts these status 
bits before using them as carry inputs. These codes are 10g, 
11g, 30g, 31g, 50g, 51g, 70g, 71g (5-0). 


Notice that when these codes are used to load the inverted 
CARRY to either of the status registers, the CT output 
selected by the Condition Code Multiplexer assumes the 
CARRY is inverted and still defines whether A >B or ASB 
(See Table 4). 


Similarly, when doing a compare on a machine which saves 
the BORROW, testing for A> B, A<B forces the comple- 
ment of the CARRY to be stored in the status registers (See 
Tables 1 and 2). 


Normalizing 


Normalizing is the process of stripping off all leading sign bits 
until the two most significant bits are complementary. The 
Am2904 facilitates both single and double length normaliza- 
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\ 


tion in the Am2901 and the Am2903. When using the 
NORMALIZE special instructions with the Am2903, the EX- 
CLUSIVE - OR of the most significant two bits is generated at 
the Cr +4 pin of the most significant Am2903. The EXCLU- 
SIVE —- OR of the two bits next to the most significant bit is also 
generated at the OVR pin. The procedure for normalizing then 
is to loop on the normalize instruction with a branch condition 
on the Cyr+4 state or the OVR state, depending on the 
architecture employed. The Cp, + 4 or OVR output is routed to 
the Am2910 CC input through the Am2904 Condition Code 
multiplexer. As the contents of the status registers always 
refer to the last cycle, not the present one, the last operation 
in normalizing is to downshift, bringing the sign bit (Mj) back 
into the most significant bit position. This is achieved using the 
shift operations 05g (l40-6) for double length normalizing,and 
02g for single length normalizing . For more details regarding 
normalizing with the Am2903 see the Am2903 data sheet. 


The Am2901 does not have the EXCLUSIVE - OR gates to 
help with normalizing, so the Am2904 includes in the Condition 
Code multiplexer the EXCLUSIVE - OR and EXCLUSIVE - 
NOR functions of My (the sign bit resulting from the last 
operation) and Iy (the sign bit resulting from the present 
operation). Instruction codes 16g and 17g (\l5.9) form the 
EXCLUSIVE-OR and EXCLUSIVE-NOR functions of My and 


IN- 
interrupts 


Some machines allow interrupts only at the machine instruc- 
tion level while others allow them at the microinstruction level. 
The Am2904 is designed to handle both cases. 


When the machine is interrupted, it is necessary to store the 
contents of either the MSR (machine instruction level inter- 
rupts) or both the status registers (micro instruction level 
interrupts) into an external store. This transfer is intended to 
take place over the Y input/output pins (See Table 3). 


After the interrupt has been serviced the registers must be 
restored to their pre-interrupt state. This is accomplished by 
two operations of instruction 00g (I5.9) which loads the MSR 
from the Y inputs while loading the wSR from the MSR. Thus, 
the pre-interrupt contents of the wSR are first loaded to the 
MSR (first instruction 00g), then this data is transferred to the 
uSR while the MSR is restored to its pre-interrupt state 
(second instruction 00g). 


In controllers and some other microprogrammed machines the 
applications program itself is often in the microprogram 
memory; that is, there is no macroinstruction set. These 
machines require only a microstatus register since there is no 
separate machine status. The MSR in the Am2904 can be 
used as a one-level stack on the microstatus register. When 
an interrupt occurs, the uSR and the MSR are simply swapped 
(I5.0 = 02g). 
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DATA BUS (16 BITS) 


16 BITS 


BUS INTERFACE 
7A 


= 
ay 
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MEMORY ADDRESS REGISTER Am2920 


\/ 


MEMORY ADDRESS REGISTER Am2920 
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Figure 1. Typical Application of Am2904 with Am2901. 
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Figure 2. Typical Application of Am2904 with Am2903. 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


poscluuly 


Storage Temperature aredeupe neue ree ac, -65°C to +150°C Commercial (C) Devices 

(Case) Temperature Under Bias........... -55°C to +125°C POUND eon es scree s ca cc, dae ..0°C to +70°C 

Supply Voltage to Ground Potential SHMONY WONG ooo. 5s cis faces coy os vase ces +4.75V to +5.25V 
Continuous ................ Per eo Bhs -0.5V to +7.0V a 

DC Voltage Applied to Outputs for Wiliaty 98) Revices 


VORPOIRUNG 65550522 ens .-55°C to +125°C 


eal Vie Tet ee ae? gm pe St Maa Bay SUPPI MORGQRs 5 ic0'e. «2004 i3't055 4 Gr tees - +4.5V to +5.5V 
fe AP PREC RAT GER SES 3 se B j Operating ranges define those limits over which the function- 

DC Output Current, Into Outputs.............../...0ceeee 30mA ality of the device is guaranteed 

BA; nut Curent. ee ee -30mA to +5.0mA 9 : 


Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. : 


DC CHARACTERISTICS over operating range unless otherwise specified 


IOH = -1.6mA 
Yz, Yc, Yn, Yovr 


Voc = MIN, 


VOH Output HIGH Voltage Vin = Vin oF Vi Sic. aa cio 
QIO,, CT, CO 
Y2, Yc lo. = 24mA (COM'L) eee 
V Output LOW Voltage voc = NaN Yn» YOvR lo. = 16mA (MIL) pve | 
ag é ’ Vin = Vi OF Vit TSiG6, QlIOo, CT 
O; ‘O; , loL = 8mA 
SlOn, QIOn, CO 


olts 
olts 
olts 


ie 
Sioa 


ViH Guaranteed Input Logical HIGH Voltage for all inputs (Note 7) 

Vit 

vi 
-ly2, Ez 


IZ, Ic, Inv love 


m 
Voc = MAX, 
Ne Input LOW Current rag 0.5V lo-l12, Ez, Ec, En 
Eovr, OEy, OEcr, 
Cx, Yz, Yo, Yn, Yovr 
SE, SIOo, SIO, 
QIO9, QlOn 
CP, Io-ly2, Ez, Ec, 
En. Eovr, OEy, OEcT, Cx 
IZ, Ic, IN, love, SE 
S109, SIOn, QIOg, QIOn 


Yz, Yo, Yn, Yovr 


Vo = 2.4 
ie 
: 
Off State (High Impedance) Voc = MAX ee x” QIOo, QlOn7 mre 
Yo Yo: Yu Your 
(Note 4) 


mae oe Circuit Current Voc = 5.75V, Vo = 0.8V 
Ta = 0°C to +70°C 


; Power Supply Current V MAX Am2904DC Ta = +70°C 
aad (Note 6) of To =-55°C to + 125°C 
Am2904DM, FM To = +125°C 


1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 

5 - 

6 

7 


Input HIGH Current 


Input HIGH Current Voc = MAX, Vin = 5.5V 


1OZH 
lozt 


Output Current 


. "MIL" = Am2904 XM, DM, FM, "'COM'L" = Am2904 XC, PC, DC 
. Worst case Icc is at minimum temperature. 
. These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested.) 
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E 
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SWITCHING CHARACTERISTICS 


The tables below define the Am2904 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to- 
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 


input levels at OV or 3V. All values are in ns. All outputs have maximum DC loading. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(Ta= 0 to +70°C, Voc= 4.75 to +5.25V,C,, = 50pF) 


A. Set-up and Hold Times (ns) B. Combinational Delays (ns) 
[From (input) | To Output) | tpa_ 


IZ, Ic. IN. lov Yz, Yc, YN; YOvR SOG | 
Yz, Yc, YN» YOvR 


Pls | YZ. Yo Yu Yova | 95 


12, Ic, IN. love CT 


Iz, IN, love 
Ic (14 lo Ig = 001) 


O 
9 


QO 


Yz, Yo. Yn» Yovr 
(lo.5 = LOW) 


Ulx 
Q 


N 


SIO, QIOo 


SIO5, SlOn, 
ee Ic, IN, love 


QIO9, QlOn 


SIO, QIOo 


SIOo, SIOn, QIOo, 
QO, 


SIOo, SIOn, QIOo, 
Qlo, 


3 


C. Clock Requirements (ns) 


Minimum Clock LOW Time 


Minimum Clock HIGH Time 


D. Enable/Disable Times (ns) 


C, = 5.0pF for output disable tests 
measured to 0.5V change of output voltage level. 


Bowe 
pt 
cog eg: Shape 
[2 SBoscop ised 


OEy Yz, Yo, Yn, Yovr 


| lglg Yz, Yc, YN, YOVR 
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GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Tc = -55 to +125°C, Voc = 4.5 to +5.5V, Cy = 50pF) 
A. Set-up and Hold Times (ns) B. Combinational Delays (ns) 


ao oe [From tut) [To (pu 


; 
: 


Iz, Io, IN, | 
Iz, IN, love Z: Ic, IN, love 


SC 
ictheeeoy | is 
ee 
a Ss Pree 

my ee 


M 


Ez, Ec, En, Eovr 


= ee ae 
Yz, Yo, Yn, Yovr 
(lo.5 = LOW) 


SIOo, SIOn, 
QIOo, QIOn 


S109, QIOo 
SIO9 SlOn, QIOo, 
SIO9, SIOn, QIOo, ee 
Qlo, 


C. Clock Requirements (ns) 


Minimum Clock LOW Time i et 


Minimum Clock HIGH Time 


D. Enable/Disable Times (ns) 


Ci = 5.0pF for output disable tests 
measured to 0.5V change of output voltage level. 


<a 


ee Ee Ae 
SIOo, SIOn 
QIOo, AIO, 
SIOo, SIO, oe 
QIOo, QIOn 


Yz, Yo, YN; 
Yovr 


03582B 
5-63 Refer to Page 13-1 for Essential Information on Military Devices 


Am2904 


SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS 


TC001120 


5.0 - Vee - VOL 
lot + VoL/1K 


Notes: 1. 
2 


B. NORMAL OUTPUTS 


Vec 
a 
S, 1 
Vout o—o* 
R2 C. 
TC001130 
2.4V 
Ro= — 
OH 
5.0 - Vee - VoL 
lot + VoL/Re2 


C. = 50pF includes scope probe, wiring and stray capacitances without device in text fixture. 
$1, Se, S3 are closed during function all tests and AC tests except output enable tests. 


3. S; and 33 are closed while So is open for tpz} test. 
S; and Se are closed while Sg is open for tPZL test. 


4. C_ = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2904 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 


1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 


2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


3.Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vi, 
or Vix until the noise has settled. AMD recommends using 
Vit SOV and Viy 23.0V for AC tests. 


5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 


6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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Am2905 


Quad Two-Input OC Bus Transceiver with Three-State Receiver 


® Quad high-speed LS! bus-transceiver 

@ Open-collector bus driver output can sink 100mA 
at 0.8V max 

@ Two-port input to D-type register on driver 


The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces- 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally connect- 
ed to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches that feature three-state outputs. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 


830 


SELECT so 


DRIVER 
crock ORCP O——1 So 


BUS 
ENABLE 6E O—OlS 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


@ Receiver has output latch for pipeline operation 
@ Three-state receiver outputs sink 12 mA 
@ Advanced low-power Schottky processing 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the B; data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and OE LOW). When the RLE input is 
HIGH, the latch will close and retain the present data 
regardiess of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 


RECEIVER 
€ jc ORLE LATCH 
ENABLE 
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Am2905 


CONNECTION DIAGRAM 
Top View 


D-24-1 


CD002090 


Pin 1 is marked for orientation 


LOGIC SYMBOL 


20 21 


16 15 


Ay B; A2 Bo 


rT} 
2 


4 Lint 7 


ae 


—-W— 4 


Be be 


LS000820 


DIE SIZE 0.080” x 0.130” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 


Am2905 D Cc B 
L_ Screening Option 
Blank — Standard processing 
B - Burn-in 


Am2905 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M —Military (-55°C to + 125°C) 


Package 

D- 24-pin CERDIP 
F—24-pin flatpak 
P—24-pin plastic DIP 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
OC Bus Transceiver 3 combination you wish. 
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PIN DESCRIPTION 


[Pino [Wane [U0 [Oeeoton—p 


4, 8, 16, 20 nee, The "A" word data input into the two input multiplexer of the driver register. 
A2, Ag 
ce ee Bo, By, ee The ''B" word data input into the two input multiplexers of the driver register. 
Bo, Bg 
Select. When the select input is LOW, the A data word is applied to the driver register. When the select input is HIGH, 
the B word is applied to the driver register. 
| 23. _—_—=*«|DRCP~~—|_—I_‘| Driver Clock Pulse. Clock pulse for the driver register. 
Ree OL: |. ee Se Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high impedance state. 


Receiver Latch Enable. When RLE is LOW, data on the BUS inputs is passed through the receiver latches. When ALE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 


12 __{GE __| | _|{ Output Enable. When the OE input is HIGH, the four three state receiver outputs are in the high-impedance state. 


FUNCTION TABLE 


INTERNAL 
a eee 
Tsay aifonce] se] meT oe] 0, | o, [aus] —m | _runcrion 


Dxfx[x[ x [uP x px[ x |x | 2 | x | ower cnput denne 
Depp x pfx Pa 


L Driver output disable and 
receive data via Bus input 
Latch received data 


Load driver register 


No driver clock restrictions 


er 
on ies oiae 


Drive Bus 


NC = No change t = LOW to HIGH transition 


Z =HIGH Impedance X =Don't care 
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APPLICATIONS 


Am2905 


N 
CONTROL 
SCRATCHPAD 


OUT 


A CONTROL 8B 
ALU 
OUT 


js — 


ADDRESS 
AND 
DATA DISPLAY 


DATA AODRESS CONTROL 
BUS BUS BUS 
AF001350 
The Am2905 ‘is a universal Bus Transceiver useful for many system data, address, control and timing 
input/output interfaces. 
05397A 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ..............cc.ceceeeee -65°C to + 150°C 
(Ambient) Temperature Under Bias ....... -55°C to +125°C 
Supply Voltage to Ground Potential 

OOUIOUS i a ae es -0.5V to +7.0V 
DC Voltage Applied to. Outputs for 

HIGH Output State..............0.....8. -0.5V to +Vcc max 
ENG TpUl VONAGC: 6c ciceedce oon tis ays cae -0.5V to +7V 
DC Output Current, Into Outputs 


MME I oie as Nee 30mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Description 


Receiver Output 
HIGH Voltage 
OL 


— 


Voc = VIN 


Vin = Vit or Vin 


Receiver Output 
LOW Voltage 


Voc = MIN 
Vin = Vit or Vin 


Input HIGH Current 
(Except Bus) 


Input HIGH Current 
(Except Bus) 


Receiver Off-State 
Output Current 


Receiver Output 
Short Circuit Current 


Notes: 


DC CHARACTERISTICS over operating range unless otherwise specified 


Input HIGH Level Guaranteed input logical HIGH 

(Except Bus) for all inputs 

Input LOW Level Guaranteed input logical Low [MIL =| = =—0 Ts 

Joules ol pats oes ar aa 

Input Clamp Voltage a aoe 

(Except Bus) Voc = MIN, lin =-18MA 

Input LOW Current me = 

Voc = MAX, Viy = 5.5V oe 

: Vo = 2.4V 

Voc = MAX SLITS es ae 
eS ee ee 

ee a ere | 


Power Supply Current Voc = MAX, All inputs = GND 


1. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 


OPERATING RANGES 


Commercial (C) Devices 


POMOENG Sos ooo ocescescsis oe ee 0°C to +70°C 

mule VONSGO. =. oeceiteccsk sss, +4.75V to +5.25V 
Military (M) Devices 

WORIIOING oo, 55 vos cca os vcd -55°C to +125°C 

Supply VONAGE!) 5/500. Ga SRG... +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


Q 
‘ 


2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Bus Leakage Current 


Receiver Input LOW 
Threshold 


Mente ee 
Voo = MAX eee: "a ae ene Bag 

wee eg 

— ee ae 

; MIL 

es 
eo 

vr be tte EA 7 es a ET 


eae ae ae 
ig-pen | | ce oe 


Volts 
ee ed 


so6cuiy 


[ext conatone ow a | aan | gat [ex [uate 
CES ated. .-n Ss Ml Rm a es 
CM oe -Bt | 24 | 84 TO 
a ae ae 
a | OS Oa ee 
2 So), ea eae oe es ee 
mae 
ee 
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Am2905 


Voi — BUS OUTPUT VOLTAGE — VOLTS 


Versus Ambient Temperature Versus Ambient Temperature 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 


BRRPRRGEe 


TTieus= roma 


0 
-55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001340 


1.5 
—55-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001330 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Description 


tPHL : 


tPLH 
tPHL 
tPLH 


eee 
io ee 
es 


Notes: 1. Typical 


2. For conditions shown as MIN or MAX, use the a 
3. Not more than one output should be shorted at 


Test Conditions 


Driver Clock (DRCP) to Bus . 
C_ (BUS) = 50 pF 
R~_ (BUS) = 50 2 
Bus Enable (BE) to Bus 
Data Inputs (A or B) 


Select Input (S) 
Driver Clock (DRCP) Pulse Width 
(HIGH) 


Bus to Receive Output 

(Latch Enable) CL = 15 pF 
Ri = 2.0kQ 

Latch Enable to Receiver Output 

Bus to Latch Enable (RLE) 

Output Control to Receiver Output 

Output Control to Receiver Output 


limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 


be, ag 
oO oO 
_ 
@ 


SWITCHING TEST CIRCUIT 


50pF 
2 (NOTE 1) 


COMMERCIAL 


& 
| 
) 
© 
aa) 
a 


e 
ol 
— 
< 
Ong 
ce 


TC000870 


ag 
° 


ea 
wes. 


@ ath 


MILITARY 


Wi a] a 
NI NIN 


wo 


ppropriate value specified under Operating Ranges for the applicable device type. 
a time. Duration of the short circuit test should not exceed one second. 
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te 


Am2905 


DRIVER 
CLOCK 


RECEIVER 
OUTPUT 


SWITCHING WAVEFORMS 


PLH —-| 


tei 
55 


— 


‘PHL 


WF002280 


Note: Bus to Receiver output delay is measured by clocking data into the driver register and measuring the BUS to R 


combinatorial delay. 
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Am2906 


Quad Two-Input OC Bus Transceiver with Parity | 


® Quad high-speed LSI bus transceiver. 

@ Open-collector bus driver output can sink 100mA at 
0.8V max. 

@ Two-port input to D-type register on driver. 


The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces- 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally connect- 
ed to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches. The device also contains a four-bit odd parity 
checker/generator. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 


BUSp BUS, 


SELECT So 
ORIVER 
CLOCK ORCP © 


8US 
ENABLE BE 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


BUS2 BUS3 


5-73 


@ Internal 4-bit odd parity checker/generator. 
@ Receiver has output latch for pipeline operation. 
@ Receiver outputs sink 12 mA. 


the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the B; data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted). When the RLE input is HIGH, the latch 
will close and retain the present data regardless of the bus 
input. 


The Am2906 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is 
enabled, parity is generated and if the driver is in the high- 
impedance state, the BUS parity is checked. 


O00 
a: PARITY 
of) _ ALE RECEIVER 


LATCH ENABLE + 
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Am2906 


CONNECTION DIAGRAM 
Top View 


CD003000 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 


43 8 9 14.15 20 21 


DRCP 


Ag Bo Ay By Ag Bg Ag B3 


ODD 


r 
> 
wo 


Ro 


Ry 


. ir 
win, 
rr it 
= 
L 

a 


Ro 


If 
> 
v | 
yn 
US} 


R3 


rere 
_= 
; Pe 
Sr Ey 


l 
! 
I 
e 
| 
i 
| 
l 


BUS, BUS» BUS3 
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DIE SIZE 0.080” x 0.130” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 
DMB 

FM, FMB 

XC, XM 


Am2906 D Cc B 
L— Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D— 24-pin CERDIP 
F-— 24-pin flatpak 
P—24-pin plastic DIP 


Am2906 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
OC Bus Transceiver combination you wish. 
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PIN DESCRIPTION 


> 
: 


The "A" word data input into the two input multiplexer of the driver register. 


The ''B" word data input into the two input multiplexers of the driver register. 


oe 
@ 

8 

ee 

a2 


Select. When the select input is LOW, the A data word is a 
the B word is applied to the driver register. 


9 
: 

.@) 

Uv 


se 


The four driver outputs and receiver inputs (data is inverted). 


E 


oe 


DD 
ie) 

DD 
o> 


FUNCTION TABLE 


INTERNAL 
INPUTS TO DEVICE 


= 


px] 


PARITY OUTPUT FUNCTION TABLE 


| BE | ODD PARITY OUTPUT 
L ODD = Ip 14 Glo @lg 
H ODD = Qo ® Q; ©Q2 © Q3 


|i = Selected input Aj or B; 


pplied to the driver register. When the select input is HIGH, 


Driver Clock Pulse. Clock pulse for the driver register. 


Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high impedance state. 


The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 


Receiver Latch Enable. When RLE is LOW, data on the BUS inputs is passed through the receiver latches. When ALE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 


Odd parity output. Generates parity with the driver enabled, checks parity with the driver in high-impedance state. 


OUTPUTS 
|ODD- FUNCTION 


Driver output disable 
Driver output enable 


H Driver output disable and 
H | receive data via Bus input 


os Latch received data 


H = HIGH X = Don't care NC = No change 
L = LOW i=0, 1, 2, 3 PD = Parity of D flip flops 
Z = HIGH Impedance t = LOW to HIGH transition PQ = Parity of Q latches 
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Am2906 


CLOCK <a teS 


BUS 
ENABLE 
LATCH 
ENABLE 


BITS 
o-3 


APPLICATIONS 


BUS PARITY 


ODO/EVEN 
CONTROL 
L = EVEN 

H=O0D 


Py Po P3 P, Ps Pe PZ Ps Pg 


Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


AF001040 


Generating or checking parity for 16 data bits. 


05398A 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ....................00ee 
(Ambient) Temperature Under Bias.......- 
Supply Voltage to Ground Potential 
-Continuous 
DC Voltage Applied to Outputs for 
HIGH Output State .................0008 -0.5V to +Vcc max 
DG Anput VONAO6 : oo cijiccsarnene e- ireeitionhes -0.5V to +5.5V 
DC Output Current, Into Bus................cceeee eee e eee 
DC Output Current, Into Outputs 


Commercial (C) Devices 


OPERATING RANGES 


Temperature 
Supply Voltage........ 6 elke es aoe 


Military (M) Devices 
NORIO 55s es ac ks wh cess -55°C to + 125°C 
Supply VOMROe <sicer.isoriie ec tesctss +4,.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


ST ge ot) ae eae ney AR Op ea paen ery Oupes Pores i$ 
DG: Input CAMTONE foo. ss as wade c ps vee 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


voccmn (ML | ee ee 
Vin= Vit or Vin [COME [ton==26mA [24 [a4 

ee te ee 
Vin= Vid oF Vi co ae 
eee eee a 
lo = 8mA ae 
Hoes tami a a 


VOL 
Vv Input HIGH Level Guaranteed input logical HIGH 
IH (Except Bus) for all inputs 
_ Input LOW Level Guaranteed input logical Low [MIL | S| | 
: ssaiioea | mM calease 


Receiver Output 
HIGH Voltage 
Parity Output 
HIGH Voltage 


VOH Volts 


Output LOW voltage 
(Except Bus) 


Voc = MIN 
Vin = Vit or Vin 


for all inputs [eae SS 
cae [Yormm 
OS Gace 2 eee eee 
| ia 
Sau 
Fe 


Input LOW Current 


Output Short Circuit Current = 
(Except Bus) (Note 3) Voc = MAX 
Power Supply Current Voc = MAX, All inputs = GND 


Notes: 1. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Description Test Conditions (Note 2) Min | Fonide | Max | Units 
par bee 


7 
Noe 5, [6m Seto (OW Naiage ES ah: ee as ees a |, 
25. ee ae Oe Spee Ca 
ee ee 
Bus Leakage Current Vo = 4.5V eee Se eee Be BA 
|COM'L ees eS 
Bus Leakage Current 
ee ae oe ee eee 
Receiver Input HIGH Me 1 ee ee 
ee Oe 
. MIL 
ssa” enewenew «fae —t St 
05398A 
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Am2906 


TYPICAL PERFORMANCE CURVES 


w 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


1.5 
—55-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001330 


Vo. — BUS OUTPUT VOLTAGE — VOLTS 


0 
—§5 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001340 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT ORIVING OUTPUT 


Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


COMMERCIAL MILITARY 
Am2906 Am2906 


906cWIY 


Typ Typ 
Parameters Description Test Conditions (Note 1) (Note 1) 
D Clock (DRCP) to B 
ee . us)=sopr {| 21 [ae [| at | a0 | 
nea Ps Fee PPR RN Aa es 
oma a RIT 
enon nee te 
—— Ao c 
a 5 Se 
Bus to Receiver Outpul sca a as BS as 
cot een Ses a Se? 
| RE Sr aa Meas 
i ctmueaainanbeaeai rise | | a we ae 
ee a eee 
A oF B Data to Odd Parity Ouiput ee 
oa , is se 
Gus to Odd Party Ouput pe ee ee 
ae Sees Le Eee pe ee 
Latch Enable (ALE) t A Sa a es 
Bic aa nie Bet a ae 


Notes: 1. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


SWITCHING TEST CIRCUIT 


? 


TC000820 
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Am2906 


DRIVER 
CLOCK 


A,Bors 
INPUT 


OUTPUT 


RECEIVER 
OUTPUT 


combinatorial delay. 


SWITCHING WAVEFORMS 


3.0V 
—_ COV 


ai th 
3.0V 
OV 


| 
rune] be 


pS SE WEEE ES SS Vou 
4 \—— 2» 
Vou 


waist 


Vou 
1.3V 
SS Sa 


5-80 


WF002280 


Note: Bus to Receiver output delay is measured by clocking data into the driver register and measuring the BUS to R 
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Am2907/Am2908 


Quad Bus Transceivers with Interface Logic 


DISTINCTIVE CHARACTERISTICS 


Quad high-speed LS! bus-transceiver 

D-type driver register with open-collector bus driver 
output can sink 100mA at 0.8V max. 

Internal 4-bit odd parity checker/generator 

Receiver has output latch for pipeline operation 


@ Three-state receiver outputs sink 12mA 

@ Am2907 has 2.0V input receiver threshold; Am2908 is 
"DECQ or LSI-Il bus compatible’ with 1.5V receiver 
threshold 


GENERAL DESCRIPTION 


The Am2907 and Am2908 are high-performance bus trans- 
ceivers intended for bipolar or MOS microprocessor system 
applications. The Am2908 is Digital Equipment Corporation 
''Q or LSI-ll bus compatible"’ while the Am2907 features a 
2.0V receiver threshold. These devices consist of four D- 
type edge-triggered flip-flops. The flip-flop outputs are 
connected to four open-collector bus drivers. Each bus 
driver is internally connected to one input of a differential 
amplifier in the receiver. The four receiver differential 
amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd 
parity checker/generator. 


These LSI bus transceivers are fabricated using advanced 
low-power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 


the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
_ wired-OR operations to be performed on the bus. 


The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock 
(DRCP) enters the Aj data into this driver register on the 
LOW-to-HIGH transition. 


5-81 


Data from the A input is inverted at the BUS output. 


‘Likewise, data at the BUS input is inverted at the receiver 


output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and OE LOW). When the RLE input is 
HIGH, the latch will close and retain the present data 
regardiess of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 


The Am2907 and Am2908 feature a built-in four-bit odd 
parity checker/generator. The bus enable input (BE) con- 
trols whether the parity output is in the generate or check 
mode. When the bus enable is LOW (driver enabled), odd 
parity is generated based on the A field data input to the 
driver register. When BE is HIGH, the parity output is 
determined by the four latch outputs of the receiver. Thus, if 
the driver is enabled, parity is generated and if the driver is 
in the high-impedance state, the BUS parity is checked. 


The Am2907 has receiver threshold typically of 2.0V while 
the Am2908 threshold is typically 1.5V. 
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Am2907/Am2908 


z 
\/ 


A2 © 


\/ 


A3 C0 


\/ 


ORIVER 
crock ORCPO 


BUS 
ENABLE a9 


BLOCK DIAGRAM 


So 8US, BUS BUS; 


Qo 
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OuTPUT 
pO FE controe 


ee O—O PARITY 
— m2 


RECEIVER 
o< ORLE LATCH 
ENABLE 
BD001890 
05399A 
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CONNECTION DIAGRAM 
Top View 


CD003060 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


DIE SIZE 0.088” x 0.103” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2907/ | 
Am2908 D Cc B PC 
L— Screening Option DC, DCB, DM, 
Blank - Standard processing Am2907 DMB 
B — Burn-in Am2908 FM, FMB 
Temperature (See Operating Range) XC, XM 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 
Package - 
D-20-pin CERDIP 
F-—20-pin flatpak 
P-20-pin plastic DIP 
X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad Bus Transceivers combination you wish. 
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Am2907/Am2908 


PIN DESCRIPTION 


[__Pin No. |Name | 1/0 | Description — 
3,7 Ao, Ay The four driver register inputs. 
13, 17 Ap, Ag 


| 19 ~~~*|DRCP ~—|_| _|{ Driver Clock Pulse: Clock pulse for the driver register. 
[9 ~—~*([BE_ ~—*|_—'|_| Bus Enable. When the Bus Enable is HIGH. The four drivers are in the high impedance state. 


4 Bue 1/O | The four driver outputs and receiver inputs (data is inverted). 
6 1 
14 BUS», 
16 BUS 


2, 8, 12, 18 eee The four receiver outputs. Data from the bus is inverted while data from the A inputs is non-inverted. 
Ra, Rg 
Receiver Latch Enable. When RLE is LOW, data on the BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 
ae ONO 6 a Odd parity output. Generates parity with the driver enabled, checks parity with the driver in the high-impedance state. 
NEE |: Sores ae Bes Output Enable. When the OE input is HIGH, the four three-state receiver outputs are in the high-impedance state. 


TRUTH TABLE 


INTERNAL 
TO DEVICE OUTPUT 
FUNCTION 


X Driver output disable 
Receiver output disable 


Driver output disable and 
receive data via Bus input 


Latch received data 


Load driver register 


No driver clock restrictions 


Z =HIGH Impedance Don't care i =0, 1, 2,3 
NC = No change LOW to HIGH transition 


PARITY OUTPUT FUNCTION TABLE 


| BE | ODD PARITY OUTPUT 


L ODD = Ao @ Ai @ Ao @ AZ 
H ODD = Qo ® Qi @ Q2 @ Q3 
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APPLICATIONS 


4 


Am2807/8 
ADDRESS REGISTER 
BUS 


Am2918 
STATUS REGISTER 


REGISTER 
R 


I  Am2901A 
BIPOLAR 
MICROPROCESSOR 
2) 


Am2909 
MICROPROGRAM 
SEQUENCER 


ROM/PROM 
MICROCODE 


Am2918 
MICROWORD 
REGISTER 


AF001000 ~ 


The Am2907 can be used as an I/O Bus Transceiver and 
Main Memory !/O Transceiver in high-speed Microprocessor Systems. 
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Am2907/Am2908 _ 


ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to +125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs for 
High Output State 

DC Input Voltage 

DC Output Current, Into Bus 

DC Output Current, Into Outputs 


-—0.5V to +7.0V 


-0.5V to +Vcoc max 
-0.5V to +5.5V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -—55°C to + 125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


(Except Bus) 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Receiver Voc = MIN SSE ee eo a 
Output HIGH Voltage Vin = Vitor Vin COM'L:loH=-26mA | 24 | 34 | | 


Parity Voc = MIN, Ion = -660uA Jae ee 
Output HIGH Votage | VIN= Vin oF cone Tar ee 
coe ee ee Ree ES. ee eee 
Output LOW vot Se a ee ae ee 
YOu (Except Bus) oe vin Vit or Vi a = oma neue 


Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 
Input LOW Level Guaranteed input logical LOW ef Se 
(Except Bus)( forall inputs 
Input Clamp Voltage = ae 
Input LOW Current ei = 
Input HIGH Current ae “a 
Input HIGH Current “s a 
Output Short Circuit Current ss 
= | Piiaicecmemabts ee ee 
iene Gaon (a, Vo=2av aa ae ee SS 
(Receiver Outputs) ~ Vo= 04V Sem eS ee 
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BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Yr a ao a a 
Vo. | Bus Output LOW Voltage =| Voc=MIN [ign =70ma_ | —SC*dSSC~*~isrCmt 07) Vo 
Cy ee ae 


Nosta ee |  e 
Bus Leakage Current Voc = MAX co 
[Bus Leakage Curent Power Om [vo=4ev | Sid Sd iY 00 
cine: = ee 


RR Set sa 
Am2908 
COM 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voitage Versus Ambient Am2907 Receiver Threshold Variation Am2908 Receiver Threshold Variation 
Temperature Versus Ambient Temperature Versus Ambient Temperature 


ae 
Be Be ee SS es 


oe ee es 
H&S Bia Se eae 
eo ce | 


1.5 
—§5-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE —°C 


OP001330 OP001420 


Voi — BUS OUTPUT VOLTAGE — VOLTS 


0 
-55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001340 


0.9 
—55-35-15 5 25 45 65 85 105 125 


” 
= 
4 
° 
> 
! 
iw 
Oo 
< 
- 
_ 
oO 
> 
(=) 
a 
2) 
— 
W” 
au 
x 
x= 
~ 
x 
Ww 
2 
Ww 
oO 
Ww 
cx 
| 
~ 
> 


V+ — RECEIVER THRESHOLD VOLTAGE — VOLTS 
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Am2907/Am2908 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


BE = 3.3k2 


Note: Actual current flow direction shown. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


: | COMMERCIAL | MILITARY __ 
Am2907 
Typ Typ 
Parameters Description Test Conditions (Note 1) (Note 1) 
D Clock (DRCP) to B 
ae ee A ia ree ae Be ae oe Se SS ee 
RL (BUS) = 50 2 ered «| 
MESilcn s mao sr oie 
“SS eae 
So SS De ete Sept tee 
Ttpw | Glock Pulse Width (HIGH) Le fot oe ed ri | 
Gus to, Heoshesr Oudsut P| 18, | cesar frames a7 | 
(Latch Enabled) cr 2 ae Se ee 
3 aoe been + A ee 
sei as Scalia anise [| a fe fa [a 
Ri =2.0k 
See Roe ee 
a a ae ears Sec s S 
(Driver Enabled) Seer eS Se eee es 
Ran SS 
(Driver Inhibit) Eas ae ieee 
Latch Enable (ALE) to Odd BZ ek ais Se 8 
Parity Output ee ee eee oe ee 
= ee Rete es Se See 
wes ge ee aaa Yo i ee ae 
PAN a coe a er te 
ee eee ee ee es es RT 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified | 


COMMERCIAL 


> 

: 

Co 
= 
F\e 
< | N/| & 
©|> 
Siz 
< 


ae 
Og 
= 


Parameters Description Test Conditions Note 1 


t 
Driver Clock (DRCP) to Bus 
tPLH 
oe Bus Enable (BE) to Bus 
tPLH 
us Output Rise Time 


Ty] Bus. Output Fait Time 


Data Inputs 


-_ 


< 
mo] 


C, (BUS) = 50 pF 
R,_ (BUS): 
912 to Voc 
200 22 to GND 


| tpw ———_ | Clock Pulse Width (HIGH) 
Bus to Receiver Output 
(Latch Enabled 


Latch Enable to Receiver Output 
—— Bus to Latch Enable (RLE) 


Data to Odd Parity Out 
(Orver Enabled) 

Bus to Odd Parity Out 
(Driver Ini 
Latch Enable (RLE) to Odd 
Parity Output 
eS Output Control to Output 


iS Sioa C= 5.0 pF 
Output Control to Output Re = 2.0kQ 


Notes: 1. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 


MN 


Cy = 50 pF 
Ry = 2.0 kQ 


mM 


Lb) 
— 
. 
8 


hr 
par 


NO 
ak 
P= 
8 


C. = 15 pF 
Ry = 2.0kQ 


_ 
> 


~ 
°o 


ae ee 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


EE 
t 
ov 


Poor 
trun SE PHL ae 


RE VoH 

BUS 
OUTPUT ————— «2. 0V 
Vou 


WF002430 


INPUT SET-UP AND HOLD TIMES. 
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Am2907/Am2908 


SWITCHING TEST CIRCUIT 


TC000950 TCO000960 


Am2907 Am2908 
DRIVER SWITCHING TEST CIRCUIT DRIVER SWITCHING TEST CIRCUIT 


SWITCHING TEST CIRCUIT 


ALL DIODES 
ARE 1N3064 


TC000970 


Note: C, = 15pF for Am2907 
CL = 50pF for Am2908 
Am2907/08 RECEIVER SWITCHING TEST CIRCUIT. 


U 
S2 
Note 1: C, = 15pF for tz,, tz { 


C, = 5pF for t.z, tyz 


TC001000 
TCOO00990 


LOAD FOR RECEIVER TRI-STATE TEST LOAD FOR PARITY OUTPUT 
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SWITCHING WAVEFORMS 


WF002340 


DRIVER CLOCK (DRCP) TO BUS BUS ENABLE (BE) TO BUS 


Rn K v f# 1.5V 


PHL a ie. teLH z 


4.5V 
WF002370 aE 


4.5V 
WF002360 


BUS TO RECEIVER OUTPUT (LATCH ENABLED) LATCH ENABLE TO RECEIVER OUTPUT 


SWITCHING WAVEFORMS 


4 


3V 
oe 1.5V 1.5V 
—_——_—____—_———- ov 


—— tiz 
| 
ps 1.5V 


R, 4 5V 
OUTPUT | 
LOW OL $1 AND $2 
OPEN Voy CLOSED 


ed pie 


$1 AND $2 
CLOSED 


Ry $1 OPEN aay 
OUTPUT } 


tyz af 


WF002420 


RECEIVER TRI-STATE WAVEFORMS 
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Am2907/Am2908 


ODD 


3V 
OV 
teLH tPHL 
1.5V 1.5V 
OV 
WF002400 


A INPUT TO PARITY OUTPUT 


BUSo.3 


5-92 


1.5V 


. 1.5V 


tPLH om —b— 


1.5V 1.5V 


4.5V 


ov 
WF002410 


BUS TO PARITY OUTPUT 
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Am2909A/Am2911A 


Microprogram Sequencers 


DISTINCTIVE CHARACTERISTICS 


@ 4-bit slice cascadable to form longer word width 

@ Branch input for N-way branches 

@ 4.x 4 file with stack pointer and push pop control for 
nesting microsubroutines 
Zero input for returning to the zero microcode word 


@ Individual OR input for each bit for branching to higher 
microinstructions (Am2909 only) 

@ Am2909 in 28-pin package & Am2911A in 20-pin 
package 


GENERAL DESCRIPTION 


The Am2909A is a four-bit wide address controller intended 
for sequencing through a series of microinstructions con- 
tained in a ROM or PROM. Two Am2909As may be 
interconnected to generate an eight-bit address (256 
words), and three may be used to generate a twelve-bit 
address (4K words). 


The Am2909A can select an address from any of four 
sources. They are: 1) a set of external direct inputs (D); 2) 
external data from the R inputs, stored in an internal 
register; 3) a four-word deep push/pop stack; or 4) a 
program counter register (which usually contains the last 


address plus one). The push/pop stack includes certain 
control lines so that it can efficiently execute nested 
subroutine linkages. Each of the four outputs can be OR'ed 
with an external input for conditional skip or branch 
instructions, and a separate line forces the outputs to all 
zeroes. The outputs are three-state. 


The Am2911A is an identical circuit to the Am2909A, 
except the four OR inputs are removed and the D and R 
inputs are tied together. The Am2911A is in a 20-pin, 0.3” 
centers package. 


MICROPROGRAM SEQUENCER BLOCK DIAGRAM 


= aa 
[RVAm2S0B ONLYIY 
f 4 


REGISTER | 
ENABLE 


RE AODRESS REG/ 


STACK 
| DANODR 
sy CONNECTED 
ON Am2911 
| ONLY 4X 4FILE 
| a 
oirect. | Oo 


INPUTS 4 


OUTPUT 


Aa 
YT ____|__|  jNcREMENTER 
SS Bes 


PUP FILE ENABLE 


CLOCK 


ol MiICROPROGRAM 
COUNTER REGISTER 


— 


CONTROL YY ¥ \/ 
af oe 


Cy Ca+4 


Gia BD002171 


03578B 
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Am2909A/Am2911A 


CONNECTION DIAGRAM 
Top View 


P-28, D-28 CHIP-PAK™™ 


CD004311 


CD004332 


Note: Pin 1 is marked for orientation 


RELATED PRODUCTS 


Description 
Am2918 Pipeline Register 
Condition Code MUX 


Am27S35 Registered PROM 


For applications information, see Chapter 11 of Bit Slice Microprocessor Design, 
Mick & Brick, McGraw Hill Publications. 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2909A Valid Combinations 
Am2911A D Cc B PG 
L Screening Option 
Blank - Standard processing Am2909A 
B — Burn-in Am2911A 


Temperature (See Operating Range) 
C - Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 

Package 

D - 28-pin CERDIP 

F — 28-pin flatpak 

L - 28-pin leadiess chip carrier 


a plastic DIP Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Microprogram Sequencers combination you wish. 


Chip-Pak is a registered trademark of Advanced Micro Devices. 
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CONNECTION DIAGRAM 
Top View 
P-20,D-20 CHIP PAK™ 
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METALLIZATION AND PAD LAYOUT 
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DIE SIZE 86 x 98 Mils 


Chip-Pak is a register trademark of Advanced Micro Devices. | 03578B 
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PIN DESCRIPTION : 


25, 26/19, 20. |FE, PUP | | | Control lines for push/pop stack 
28 
6, 8, 10, 12 RSs 
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18-21/12-15 
24/18 


ARCHITECTURE OF THE Am2909A/ 
Am2911A 


The Am2909A/Am2911A are bipolar microprogram sequenc- 
ers intended for use in high-speed microprocessor applica- 
tions. The device is a cascadable 4-bit slice such that two 
devices allow addressing of up to 256-words of microprogram 
and three devices allow addressing of up to 4K words of 
microprogram. A detailed logic diagram is shown in Figure 1. 


The device contains a four-input multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction 
address. This multiplexer is controlled by the So and S; inputs. 


The address register consists of-four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered into the register 
on the clock LOW-to-HIGH transition. The address register is 
available at the multiplexer as a source for the next microin- 
struction address. The direct input is a four-bit field of inputs to 
the multiplexer and can be selected as the next microinstruc- 


_tion address. On the Am2911A, the direct inputs are also used 
as inputs to the register. This allows an N-way branch where N 
is any word in the microcode. 


The Am2909A/Am2911A contains a microprogram counter 
(uPC) that is composed of a 4-bit incrementer followed by a 4- 
bit register. The incrementer has carry-in (C,) and carry-out 
(Cy + 4) such that cascading to larger word lengths is straight- 
forward. The uPC can be used in either of two ways. When the 
least significant carry-in to the incrementer is HIGH, the 
microprogram register is loaded on the next clock cycle with 
the current Y output word plus one (Y+1-—yPC.) Thus 
sequential microinstructions can be executed. If this least 
significant C, is LOW, the incrementer passes the Y output 
word unmodified and the microprogram register is loaded with 
the same Y word on the next clock cycle (Y — uPC). Thus, the 
same microinstruction can be executed any number of times 
by using the least significant C, as the control. 
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The last source available at the multiplexer input is the 4 x 4 
file (stack). The file is used to provide return address linkage 
when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written. This allows stack reference operations (looping) to be 
performed without a push or pop. 


The. stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file 
enable input is LOW and the push/pop input is HIGH, the 
PUSH operation is enabled. This causes the stack pointer to 
increment and the file to be written with the required return 
linkage - the next microinstruction address following the 
subroutine jump which initiated the PUSH. 


If the file enable input is LOW and the push/pop control is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from 
subroutine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIGH, no 
action is taken by the stack pointer regardless of any other 
input. 


The stack pointer linkage is such that any combination of 
pushes, pops or stack references can be achieved. One 
microinstruction subroutines can be performed. Since the 
stack is 4 words deep, up to four microsubroutines can be 
nested. 


The ZERO input is used to force the four outputs to the binary 
zero state. When the ZERO input is LOW, all Y outputs are 
LOW regardless of any other inputs (except OE). Each Y 
output bit also has a separate OR input such that a conditional 
logic one can be forced at each Y output. This allows jumping 
to different microinstructions on programmed conditions. 


The Am2909A/Am2911A feature three-state Y outputs. These 
can be particularly useful in designs requiring external equip- 
ment to provide automatic checkout of the microprocessor. 
The internal control can be placed in the high-impedance 
state, and preprogrammed sequences of microinstructions 
can be executed via external access to the control ROM/ 
PROM. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential Supply Voltage 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcc max 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Penerinien ne onony eee? Min wot t j Max | Unit | 
Output HIGH Voltage Voc = MIN, a = Fai Lees Sates le Dag Volts 
OH p 9 Vin = Vin or Vit eo ee eee ee 2 el ees eee 


Voc = MIN 
VoL Output LOW Voltage ee wie lol = 16mA, 2909A/11A Volts 
Ca oro [Sere ea ee 


ines Twit, eoearia [| Yor 
pe prea eng fe te ee 
A A RROEIEA Atte ere 
: input LOW Curent | Woo= MAX ee ee 
fo aaa gi ee oP cele alla 
Input HIGH Curent | Yoo MAX Ppa Pope OEs cr on mips canons |e adr odo" ga 
: ones Was eee eee pret) WOT y eee | 


t HIGH C t Voc = MAX, Cee Puente i) ee Push/Pop eee ee eee Baer 
ee ae ae Others (Note 6) eh Meee ES 
PSS Tae) Movie ee 
Leo ergennpnsononrss He Leer perenne OF: Mere! fri et 


COM'L Only |Ta=Oto+70c | |. | 


loc Power Supply Current Noe ee ae is =-55 to + 125°C 3 
| ieeaee a 


; 
cunt cnr ome [Yew [es ie] 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
For conditions shown as MIN. or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Apply GND to Cp, Ro, Ry, Re, Rg, ORo, OR1, OR2e, OR3, Do, Dy, D2 and D3. Other inputs high. All outputs open. Measured after a 
LOW-to-HIGH clock transition. 

For the Am2911A, D; and Rj are internally connected. Loading is doubled (to same values as Push/Pop). 


AON 
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Am2909A/Am2911A SWITCHING 
CHARACTERISTICS OVER OPERATING 
RANGE 


Tables |, Il and III below define the timing characteristics of the 
Am2909A/Am2911A over the operating voltage and tempera- 
ture range. The tables are divided into three types of parame- 
ters; clock characteristics, combinational delays from inputs to 
outputs, and set-up and hold time requirements. The latter 
table defines the time prior to the end of the cycle (i.e., clock 
LOW-to-HIGH transition) that each input must be stable to 
guarantee that the correct data is written into one of the 
internal registers. 


Measurements are made at 1.5V with Vj =OV and 
ViH = 3.0V. For three-state disable tests, C, =5.0pF and 
measurement is to 0.5V change on output voltage level. All 
outputs have maximum DC loading. 


TABLE |_ . 
CYCLE TIME AND CLOCK CHARACTERISTICS 


Minimum Clock LOW Time oe Se eee cs 
Minimum Clock HIGH Time | 20 | 20 | 


TABLE 


&. SE ee Bs as | Se Se ee ae oe ee pa 
-, Sea as a a ee ea ees a ae ee 
5 ee Se Eanes eee ES 2 SR Sie ees ee ee 
SEB es Cee Be Se ee ees Se Se Se ee 
fi OET 2 ae SOS Seen Ren ESSE G SOLO ERL AS GSRESEN Gees Seam eee 
th a ee re ee ee ee Ot ee 
i ae Cee ee ees ee es a ees eee 
CTS ee ee ae at ee ae ee SS “eee ee ee 
>. ee I BR Te ces ee RS OE ee ee 


Notes: 1. All times relative to clock LOW-to-HIGH transition. 
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GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 


TABLE Il 
MAXIMUM COMBINATIONAL PROPAGATION 
DELAYS 
(all in ns, CL = 50pF (except output disable tests)) 


COMMERCIAL MILITARY 


bi i 
eine 
a 
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[OE LOW tenaioy | 25 
OE HGH (sabi) | 25 
[Giock 1 $S9=uH | 29 
[Glock SS9=u | ao | a 
[Goce 89=HL | 


2. On Am2911A, Rj and Dj are internally connected together and labeled Dj. Use Rj set-up and hold times when D inputs are used to 
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Am2909A/Am2911A 


“OPERATION OF THE Am2909A/Am2911A 


Figure 2 lists the select codes for the multiplexer. The two bits 
applied from the microword register (and additional combina- 
tional logic for branching) determine which data source 
contains the address for the next microinstruction. The con- 
tents of the selected source will appear on the Y outputs. 
Figure 2 also shows the truth table for the output control and 


Address Selection 


| Sy Sq | SOURCE FOR Y OUTPUTS 


Microprogram Counter 
Address/Holding Register 
Push-Pop stack 

Direct inputs 


for the control of the push/pop stack. Figure 3 shows in detail 
the effect of So, S1, FE and PUP on the Am2909A. These four 
signals define what address appears on the Y outputs and 
what the state of all the internal registers will be following the 
clock LOW-to-HIGH edge. In this illustration, the micropro- 
gram counter is assumed to contain initially some word J, the 
address register some word K, and the four words in the push/ 
pop stack contain Ra through Rg. 


Output Control 


Source selected by So S; 


Z = High Impedance 


Synchronous Stack Control 


| FE | PUP_ 
X 


H 
L H 
L L 


X = Don't Care 


PUSH-POP STACK CHANGE 


No change 


Increment stack pointer, then 
push current PC onto STKO 


Pop stack (decrement stack 
pointer) 


Figure 2. 


Eee a Se 8 J Ra Rd J End 


N CLE J 
N+1 _ J+1 


N L-H: LH J R 
N+1 a K+1 
N LHH X J R 
N+1 —_ K+1 R 
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R 
R 
R 
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a 
J 
a 
a 
a 
b 
a 
J 
a 
a 
a 
b 
R 


a Rb 
a Ra 


X = Don't care, 0 = LOW, 1=HIGH, Assume Cp, = HIGH 
Note: STKO is the location addressed by the stack pointer. 


Ra Rb J 

J Ra — 
Ra Rb Rd J 
Ra Rb Rd — 
Ra Rd 
Rb Ra 
Rb 
Ra 
Rb 
Rb 
Rb 
Ra 
Rb 
Rb 


Set-up 
Push uPC Loop 
Pop Stack; End 
Use AR for Address Loop 


Push yPC; 
Jump to Address in AR 


Jump to Address in STKO; 

Jump to Address in STKO; 

Push puPC 
: Stack Ref 
are Jump to Address in STKO (Loop) 


Jump to Address on D; 
Push pPC JSR D 
Jump to Address on D JMP D 


Figure 3. Output and Internal Next-Cycle Register States for Am2909A/Am2911A. 
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Figure 4 illustrates the execution of a subroutine using the and the Am2909A inputs are set-up to execute the jump and 


oe 
Am2909A. The configuration of Figure 6 is assumed. The save the return address. The subroutine address A is applied 2 ; 
instruction being executed at any given time is the one to the D inputs from the wWR and appears on the Y outputs. re 
contained in the microword register (uWR). The contents of The first instruction of the subroutine, (A), is accessed and is © 
the “WR also control (indirectly, perhaps) the four signals So, at the inputs of the uWR. On the next clock transition, I(A) is > 
S;, FE, and PUP. The starting address of the subroutine is loaded into the wWR for execution, and the return address > 
applied to the D inputs of the Am2909A at the appropriate J+3 is pushed onto the stack. The return instruction is 3 
time. executed at Ts. Figure 5 is a similar timing chart showing one » 
PPD subroutine linking to a second, the latter consisting of only one a 
In the columns on the left is the sequence of microinstructions mniacoinatinkon. > 


to be executed. At address J + 2, the sequence control portion 
of the microinstruction contains the command "Jump to 
subroutine at A''. At the time To, this instruction is in the zWR, 
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Figure 4. Subroutine Execution. 
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Figure 5. Two Nested Subroutines. Routine B is Only One Instruction. 
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Am2909A/Am2911A 


USING THE Am2909A AND Am2911A 


The Am2909A and Am2911A are four-bit slice sequencers 
which are cascaded to form a microprogram memory address 
generator. Both products make available to the user several 
lines which are used to directly control the internal holding 
register, multiplexer and stack. By appropriate control of these 
lines, the user can implement any desired set of sequence 
control functions; by cascading parts he can generate any 
desired address length. These two qualities set the Am2909A 
and Am2911A apart from the Am2910, which is architecturally 
similar, but is fixed at 12 bits in length and has a fixed set of 16 
sequence control instructions. The Am2909A or Am2911A 
should be selected instead of the Am2910 under the following 
conditions: 

@ Address less than 8 bits and not likely to be expanded 
@ Address longer than 12 bits 


OTHER BRANCH 
ADDRESS SOURCE 


NEXT ADDRESS 
CONTROL LOGIC 


INTERRUPT 


TE 
CONDITIONS Pe 


MULTIPLEXER 
OUTPUT 


SYSTEM STATE 


CONDITION CODE 


- NW @& WO An @ 


® More complex instruction set needed than is available on 


Figure 6. Recommended Computer Control Unit 
Architecture Using the Am2911A or Am2909A. 


Am2910 
Architecture of the Control Unit 


The recommended architecture using the Am2909A or 
Am2911A is shown in Figure 6. Note that the path from the 
pipeline register output through the next address logic, multi- 
plexer, and microprogram memory is all combinational. The 
pipeline register contains the current microinstruction being 
executed. A portion of that microinstruction consists of a 
sequence control command such as ''continue’’, loop", 
"'return-from-subroutine’, etc. The bits representing this se- 
quence command are logically combined with bits represent- 
ing such things as test conditions and system state to 
generate the required contro! signals to the Am2909A or 
Am2911A. The block labeled ''next address logic'’ may 
consist of simple gates, a PROM or a PLA, but it should be all 
combinational. 
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The Am29811A is a combinational circuit which implements also controls a loop counter and several branch address 
16 sequence control instructions; it may be used with either an sources. The instructions which are implemented by the 
Am2909A or an Am2911A. The set of instructions is nearly Am29811A are shown in Figure 8, along with the Am29811A 
identical to that implemented internally in the Am2910. outputs for each instruction. Generating any instruction set 

consists simply of writing a truth table and designing combina- 
Figure 7 shows the CCU of Figure 6 with the Am29811A in tional logic to implement it. For more detailed information refer 
place. The Am29811A, in addition to controlling the Am2911A, to "The Microprogramming Handbook". 
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Figure 9. Twelve Bit Sequencer. 
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Figure 10. Branch Address Structures. 
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Expansion of the Am2909A or Am2911A 


Figure 9 shows the interconnection of three Am2911A's to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between wPC incrementors. This carry 
path is not in the critical speed path if the Am2911A Y outputs 
drive the microprogram memory, because the ripple carry 
occurs in parallel with the memory access time. If, on the other 
hand, a micro-address register is placed at the Am2911A 
output, then the carry may lie in the critical speed path, since 
the last carry-in must be stable for a set-up time prior to the 
clock. 


Selecting Between the Am2909A and Am2911A 


The difference between the Am2909A and the Am2911A 
involves two signals: the data inputs to the holding register 
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and the ''OR" inputs. In the Am2909A, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the Am2911A, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 10. Using the 
Am2909A, the register inputs may be connected directly to the 
microprogram memory; the internal register replaces part of 
the pipeline register. The direct (D) inputs may be tied to the 
mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might be 
used with the Am2911A, it is more common to connect the 
Am2911A's D inputs to a branch address bus onto which 
various sources may be enabled. Shown in Figure 10 is a 
pipeline register and a mapping ROM. Other sources might 
also be applied to the same bus. The internal register is used 
only for temporary storage of some previous branch address. 
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Figure 8. AM29811A TRUTH TABLE 
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Figure 9. Twelve Bit Sequencer. 
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Figure 10. Branch Address Structures. 
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The second difference between the Am2909A and Am2911A 
is that the Am2909A has OR inputs available on each address 
output line. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the OR lines. See Figure 11. Typically, a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with 1's or 0's by test conditions applied to the 
OR lines. In Figure 11, the states of the two test conditions X 
and Y result in a branch to 1100, 1101, 1110, or 1111. 


oo < x 


AF001610 
Figure 11. Use of OR Inputs to 
Obtain 4 - Way Branch. 


The Am29803A has been designed to selectively apply any or 
all of four different test conditions to an Am2909A. Figure 12 
shows the truth table for this device. A nice trade off between 
flexibility and board space is achieved by using a single 28-pin 
Am2909A for the least significant four bits of a sequencer, and 
using the space-saving 20-pin Am2911A's for the remainder of 
the bits. A detailed logic design for such a system is contained 
in ''The Microprogramming Handbook."’ 


TOAM2909A 
OR INPUTS 


AF001601 


Figure 12. 


jor eGuoal usd [HfWH LH | 
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How to Perform Some Common Functions 
with the Am2909A or Am2911A 


1. CONTINUE 


MUX/YouT STACK S; So FE PUP 


Contents of PC placed on Y outputs; PC incremented. 


2. BRANCH 


MUX/YouT STACK S; Sq FE PUP 


Feed data on D inputs straight through to memory address 
lines. Increment address and place in PC. 


3. JUMP-TO-SUBROUTINE 


MUX/YoutT STACK S;So FE PUP 


Subroutine address fed from D inputs to memory 
address. Current PC is pushed onto stack, where it is 
saved for the return. ~ | 


4. RETURN-FROM-SUBROUTINE 


MUX/Yout STACK | Cy |S1 So FE PUP 


The address at the top of the stack is applied to the 
microprogram memory, and is incremented for PC on the next 
cycle. The stack is popped to remove the return address. 


Am29803 FUNCTION TABLE 


| «| BRANCH ON |Ig I2 ty Io/OR3 OR2 OR; ORo 


Ltt 
Four-Way 
Branches 
Eight-Way L_13_T1_ To 
Branches "Sess See: aS 
9, Ta Ti PR Ay Tg 2 Ta Th 


Way T3, Ta, T1, To 
Branch 
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Burn-in Circuit for Am2909A (Flatpack and CERDIP) 


> 
: 
> 
~ 
> 
3 
NO 
© 
oh 
= 
> 


Notes: 


Max. Ico¢ = 200mA 

Ta = +125°C fin 
Resistors = +5% 

R, = 3900 

Ro = 5602 

R3 = 1k 


fin = 100kHz, 50% duty-cycle, 0-3V 


Voc min. = 5.0V 
Vec max. = 5.1V 


BC000011 


This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Parallel excitation. 


Burn-in Circuit for Am2911A 


Be SW Ps pe 
41) 
PUSH/ FE C,i4 Cy, OE Y3 Yo Y; Yo S 
POP 
Am2911A 
CP Vcc RE D3 D2 D; Do GND ZERO So 
Gi Bie ab as 
= 
Rc 


BC000021 


Notes: 

Max. Icc = 200mA 
Ta = +125°C 
Resistors = +5% 
RR; = 3900 

Re = 5600 

R3 = 1kN 


fin = 100kHz, 50% duty-cycle, 0-3V 


From clock buffer on each board: 
Vec min. = 5.0V 
Voc max. = 5.1V 


Voc O 


This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Parallel excitation. 
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Am2909A/Am2911A 


SWITCHING TEST CIRCUIT 
A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 


Voc 


S2 Vec 


Ry R; 
S; 


.. 


TC001150 


TC001140 
2.4V 
Ro =—— 
lIOH 
5.0 - Vee - VoL 5.0 - Vee - VoL 
lot + VoL/1K lo + VoL/Re 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in text fixture. 
2. S;, Se, S3 are closed during function tests all and AC tests except output enable tests. 
3. S; and 33 are closed while So is open for tpZ} test. 
S; and So are closed while Sg is open for tpz, test. 
4. C_ = 5.0pF for output disable tests. 


TEST OUTPUT LOADS 


——— ee 
[tee [pm Label [Test creme] | me | 
Tiettts Ware ied | ae | eS 
ae oe ee eee 


TEST OUTPUT LOADS 


ee Am2911A 
See ees ee i ee ee 
may allow the ground pin at the device to rise by 100s of 


Notes on Testing 
millivolts momentarily. 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vi, 


:s 


Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Voc changes. 


.Do not leave inputs floating during any tests, as they may 


start to oscillate at high frequency. 


.Do not attempt to perform threshold tests at high speed. 


Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


5-108 


or Vip until the noise has settled. AMD recommends using 
Vit SOV and Viy 2 3.0V for AC tests. 


. To simplify failure analysis, programs should be designed to 


perform DC, Function, and AC tests as three distinct groups 
of tests. 


. To assist in testing, AMD offers complete documentation on 


our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2912 


Quad Bus Transceiver 


DISTINCTIVE CHARACTERISTICS 


@ Input to bus is inverting 
@ Quad high-speed open collector bus transceiver 
@ Driver outputs can sink 100mA at 0.8V maximum 


@ Bus compatible with Am2905, Am2906, Am2907 
@ Advanced Schottky processing 
@ PNP inputs to reduce input loading 


GENERAL DESCRIPTION 


The Am2912 is a quad Bus Transceiver consisting of four 
high-speed bus drivers with open-collector outputs capable 
of sinking 100mA at 0.8 volts and four high-speed bus 
receivers. Each driver output is connected internally to the 
high-speed bus receiver in addition to being connected to 
the package pin. The receiver has a Schottky TTL output 
capable of driving 10 Schottky TTL unit loads. 


An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected 
together for party-line operation. The enable input can be 
conveniently driven by active LOW decoders such as the 
Am25LS139. 


The bus output high-drive capability in the LOW state 
allows party-line operation with a line impedance as low as 
10022. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiv- 
er typical switching point is 2.0 volts. 


The Am2912 features advanced Schottky processing to 
minimize propagation delay. The device package also has 
two ground pins to improve ground current handling and 
allow close decoupling between Vcc and ground at the 
package. Both GND; and GNDo should be tied to the 
ground bus external to the device package. 


BLOCK DIAGRAM 
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BD002130 
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clezwiy 


Am2912 


CONNECTION DIAGRAM 
Top View 


D-16-1 


CD004260 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 


12 4 5 1113 GND 


lo 14 $2 13 


Am2912 
QUAD 
TRANSCEIVER 
23 


Bo 8; 82 83 


LS000890 


DIE SIZE 0.059” x 0.075” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2912 Cc B Valid Combinations 


_ Screening Option PC 
Blank - Standard processing DC, DCB, DM, 
B - Burn-in Am2912 DMB 


Temperature (See Operating Range) FM, FMB 
C —Commercial (0°C to + 70°C) XC, XM 
M —Military (-55°C to +125°C) 


Package 

D- 16-pin CERDIP 
F-—16-pin flatpak 
P—16-pin plastic DIP 
X- Dice 


_ Valid Combinations 
Device type : Consult the AMD sales office in your area to 
Quad Bus Transceiver determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


| 12st isd EC~—~SYSSC sd Enable. When the Enable is HIGH, the four drivers are disabled. 


ye ie Fy b= Ba ot The four driver outputs and receiver inputs (data is inverted). 
Zo, 245 
Zo, 23 


INPUTS 


eas sc 


RECEIVER 
OUTPUTS 


Bo 8; 82 83 


1002 PARTY LINE OPERATION 


The four receiver outputs. Data from the bus is inverted while data from the | 
inputs is non-inverted. 


TRUTH TABLE 


H =HIGH Voltage Level 

L =LOW Voltage Level 

X =Don't Care 

Y =Voltage Level of Bus 
(Assumes Control by Another 
Bus Transceiver) 


TYPICAL APPLICATION 


ADDRESS 


INPUTS INPUTS 
io yy 12 13 | ' E lo 44 12 13 iq Ig 1y 12 13 
RECEIVER RECEIVER RECEIVER 


OuTPUTS OUTPUTS OUTPUTS 


Bo 8) 82 83 8 8) 8) 83 


AF001550 
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> 
3 
© 
=< 
Uw) 


OPERATING RANGES 


ABSOLUTE MAXIMUM RATINGS 


Am2912 


_ Storage Temperature .................20ee00ee -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias....... -55°C to +125°C TOMPGTAUNG .... 555.001 BOD... occ see eee 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage... coe ee ce eee e ween +4.75V to +5.25V 
ROPUIIOGR iy - os henna o teas sass epee tteeincess -0.5V to +7.0V | 


Military (M) Devices 


DC Voltage Applied to Outputs For _ ERO + 105° 
High Output State... rn =OSV tester mex ~~ EN vonage tae a + 46V fo 85V 
DC Input Voltage...:........... ee. teeetaeeees -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Bus .......0...... cece ee eee eee 200mA ality of the device is guaranteed 
DC Output Current, Into Outputs eer. 
PR NT aos Ge cass os beards THs ood os 30mA 
Pe EE AOE 6515s ncn ccive cases -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


a rt conn 9 | om [iy [mes wm 
J : 
Feb OP Cltbit HIGH. Vokens Vegi= WAL dae nk MC Sie ae i 
OH (Receiver Outputs) VIN = Vit, oF Vie MC ee eee 
Output LOW Voltage Voc = MIN, lo. = 20mA 
(Receiver Outputs) Vin = Vit or Vin Volts 
Vv Input HIGH Level Guaranteed input logical HIGH Volts 
IH (Except Bus) for all inputs 
V Input LOW Level Guaranteed input logical LOW Volts 
IL (Except Bus) for all inputs 
ne are ance Voo= MIN, ny —16m4 a 3S 
Enable | 
Input LOW Current 2 : |Enable 
(Except Bus) sccceieaes We is ie ee 
met 
Input HIGH Current _ [Enable 
Bt, (Except Bus) Yee Ree Lae Sey 
es afte 
mi | 20 
Output Short Circuit Current - EE 
(Except Bus) Nee ° MAK ies 9 


a ee 
| Power Supply Current Voc = MAX 
CCL (All Bus Outputs LOW) Enable = GND 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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BUS INPUT/ OUTPUT CHARACTERISTICS over operating temperature range 


ee or 


or=aoma | oma | 05 
Fon =70ma | 042 | 07 
Sy ASAE tai Fion= oom | 051 | 08 | Vong 
Fou=4oma | ose [05 
= ee 
OSS (cr a 


ON 7 EE  O  T 
ee ee a sc Be 
‘s foowt —_[Vo=asv_| |_| 00 | aa 
Se aia aor eg A 
: 
oom eee eee 


MIL 
. a a ee 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Bus Leakage Current 


TYPICAL PERFORMANCE CURVES 


Typical Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


‘ST Tf tgus = 100ma {T_T 


TT teus- roma" | | 


Vo — BUS OUTPUT VOLTAGE - VOLTS 


0 
—-55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001460 


1.5 
—§5-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001470 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 
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cL6écwiy 


SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


Description 


ee Data Input to Bus 


| 
st Enable Input to Bus 
A Bus to Receiver Out 


i coeminer ieee te fr. oes ee ee 


Note 1. Includes probe and jig capacitance. 


PULSE 
GENERATOR 
NO. 1 
PULSE 
GENERATOR 
NO. 2 


L INPUT 


E INPUT 


PLH a 


B TEST POINT 


Z TEST POINT 


|____Test Conditions | Min | Typ_| Max | Units _ 


Re = 502 


Cp = 50 pF (Note 1) 


ens ch 13S. ol 18 
Ra = 509, Ry = 2802 Gia ce 


Cp = 50 pF (Note 1), C, = 15 pF eae ene 


p= 60.9 Peete le 
5 = 80 pF (Note 1) cae 


ALL DIODES 
1N916 OR 
EQUIVALENT 


TC001 180 


Note 1. Include Probe and Jig Capacitance. 


SWITCHING WAVEFORMS 


5-114 


WF002610 
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Am2913 


Priority Interrupt Expander 


DISTINCTIVE CHARACTERISTICS 


@ Encodes eight lines to three-line binary 
@ Expands use of Am2914 
@ Cascadable 


@ Similar in function to Am54LS/74LS/25LS148/2513 
®@ Gated three-state output 
@ Advanced Low-Power Schottky processing 


GENERAL DESCRIPTION 


The Low-Power Schottky Priority Interrupt Expander is an 
extention of the Am2900 series of Bipolar Processor family 
and is used to expand and prioritize the output of the 
Am2914 Priority Interrupt circuit. Affording an increase of 
vectored priority interrupt in groups of eight, this unit 
accepts active LOW inputs and produces a three-state 
active HIGH output prioritized from active I7 to Ip. The 


output is gated by five control signals, three active LOW 
and two active HIGH. Also provided is a cascade input (El) 
and Enable Output (EO). 


One Am2913 will accept and encode group signal lines 
from up to 8 Am2914's (64 levels of interrupt). Additional 
Am2913's may be used to encode more interrupt levels. 


BLOCK DIAGRAM 


BD001700 


RELATED PRODUCTS 


Part No. 


Description 


clecuy 


Am2914 Vectored Priority Interrupt Controller 
Am25LS2513 8 to 3 Line Priority Encoder 
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Am2913. 


CONNECTION DIAGRAM 
Top View 


P-20, D-20 


CD002020 


CD002030 


F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


LOGIC SYMBOL 


jane 
6ER fenes 
ti a] 


DIE SIZE 0.082” x 0.085” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am2913 D Cc B 
L— Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) Am2913 


C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-—20-pin leadiess chip carrier 

P—20-pin plastic DIP ; 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Priority Interrupt Expander combination you wish. 
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PIN DESCRIPTION 


Pe AO, Al, a Three-state, active high encoder outputs. 
A2 


See 2 ee Enable input provided to allow cascaded Dpenilian. 
a Enable output provided to enable the next lower order priority chip. 
12,13 Active high three-state output controls. 


eee Active low three-state output controls. 
5 


Active low encoder inputs. 


TRUTH TABLE 


a 
Ge 
2 


Ao Ai A2 E EO 


Enabled 


<x IK x 


= HIGH Impedance 


PS SSNS OSC SL oC 
SE i SSeS KS OS SL aC 
See ooo OS EDS CE OK 
Se ck skit. PS Oe OS De ae Xk 
Be ee aks fhe nn PR Re De IS 
ams Re SES, 
ce OSes Ren LG WE | RE A seen CS cer 
oe ake sks eke os ee ee a 
"PRD OND pecskebe SEL perailia CRY anges § A opal co 
"iigtee WRG! URE AON orc went Bian Cl one pas 
i ae ake ae ee 
a SOUR MPAs RIG WE A oe ERO SN BN pel 


= HIGH Voltage Level 
= LOW Voltage Level 
= Don't Care 
or G1 =H, Go=H, Gg=L, Gg=L, G5=L 
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elezuy 


Am2913_— 


OQ) INSTRUCTION RIPPLE 


OISABLE 


Vo 
1 vy 
V2 


Ae V5 
Am2913 Ay V4 
Ao V3 
VECTOR 
OUTPUT 
FE. tg. 4. bg. bg 
v2 
v4 
Vo 
INSTRUCTION 
ENABLE 
i 
INSTRUCTION J !2 
INPUT 1 
'o 
AF001300 
Shown above is the connection of the instruction lines and vector output lines in a 64-input priority interrupt 
system. The Am2913 is used to encode the most significant bits associated with the vector output. 
03596A 
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ABSOLUTE MAXIMUM RATINGS = OPERATING RANGES 


Storage Temperature -65°C to + 150°C ‘Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage +4.75V to +5.25V 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State os -0.5V to +Voco max 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


erezuy 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


oe ee 
‘acces [COM'L, Ion=-26mA—*| 24 | a2 | = 5 
olts 


Yon | Sas 40H Vonoc Vn Vn oF Mi mae maior eee 
EO, ton = ~440uA ee 
eae 

= = TamAtAy Outputs) 


Guaranteed input logical HIGH 
= See Voltage for all inputs ogee — 
irmat LOW: Level Guaranteed input logical LOW 5 NES ees See Cee Volts 
P voltage for all inputs 5 eS ere ea 


eae eee Coe a a 
oe El Gi, Gz Gy Gs Gs | | ‘| 04 
Input LOW Curent Vin= OAV co Siar ae eae ace a gs 


Voc = MAX El, G1, Go, Gg, G4, Gs, lo | 

3 aa~ ee VIN = 2.7V All others ees 
Voc ae MAX EI, Gi, Go, Gs, G4, Gs, lo es an 

| i HIGH Current | Vin = 7.0V All others Bee oa 

Off-State (High-Impedance) Voc = MAX Vo = 0.4V eee 

Output Current Vo = 2.4V — 


Output ee Circuit Current ze 
Power 2 ly Current 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs and outputs open. 
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Am2913 


LOW-POWER SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVING OUTPUT DRIVEN INPUT 
Voc 


1C000710 


Note: Actual current flow direction shown. 


03596A 
5-120 Refer to Page 13-1 for Essential Information on Military Devices 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 

Parameters | __—=——siDesscription =~~—«| ~__—‘Test Conditions | min | Typ | Max | Units | 
t Ms Dame a eS Eee 

oa eee 

: anne 
teu Rae ere 


elezuy 


tpLH i 10 EO Cy = 15 pF ies Ga As ee 

tPHL RL = 2.0 k22 Bos AE OR 
ie eine abe ul |e 9 
imago heaeyal xt 
Ci Reese soot ee a 
Raagey aaa Pore 
ft ee 
ae ee We a 
REA E NS Bee wee: 
i Sees = RL =20K0 

G3, G4, Gs to An 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Parameters Description Test Conditions | Min | Max | | Min | Max | 
Fae ehcin Leare oe tet 
HL 
eee rey 
Ere ce eee 
: ree een Re se os ey 
EERE GS) MES Bs 
ie Ee are 
i ee ee 
peta 
ae 
ar — 
ZL 
eee te canes pus ae 5a ae 
sae Coat Ce 
te 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
Note: i=0 to 7 
n=0 to 2 
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Am2914 


—Am2914 ~~ 


Vectored Priority Interrupt Controller 


DISTINCTIVE CHARACTERISTICS 


@ Accepts 8 interrupt inputs - 
Interrupts may be pulses or levels and are stored 
internally 

@ Built-in mask register — 
Six different operations can be performed on 
mask register 

@ Built-in status register - 
Status register holds code for lowest allowed in- 
terrupt 


@ Vectored output - 
Output is binary code for highest priority un- 
masked interrupt 

@ Expandable - 
Any number of Am2914's may be stacked for 
large interrupt systems 

@ Microprogrammable - 
Executes 16 different microinstructions 
Instruction enable pin aids in vertical micropro- 
gramming 


GENERAL DESCRIPTION 


The Am2914 is a high-speed, eight-bit priority interrupt unit 
that is cascadable to handle any number of priority interrupt 
request levels. The high-speed of the Am2914 makes it 
ideal for use in Am2900 family microcomputer designs, but 
it can also be used with the Am9080A MOS microproces- 
sor. 


The Am2914 receives interrupt requests on 8 interrupt input 
lines (Po-P7). A LOW level is a request. An internal latch 
may be used to catch pulses on these lines, or the latch 
may be bypassed so the request lines drive the level- 
triggered interrupt register directly. An 8-bit mask register is 
used to mask individual interrupts. Considerable flexibility is 
provided for controlling the mask register. Requests in the 
interrupt register are ANDed with the corresponding bits in 
the mask register and the results are sent to an 8-input 
priority encoder, which produces a three bit encoded vector 
representing the highest numbered input which is not 
masked. 


An internal status register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the status register are compared with the output of the 
priority encoder, and an interrupt request output will occur if 
the vector is greater than or equal to status. Whenever a 
vector is read from the Am2914 the status register is 
automatically updated to point to one level higher than the 
vector read. (The status register can be loaded externally or 
read out at any time using the S pins.) Signals are provided 
for moving the status upward across devices (Group 
Advance Send and Group Advance Receive) and for 
inhibiting lower priorities from higher order devices (Ripple 
Disable, Parallel Disable, and Interrupt Disable). A status 
overflow output indicates that an interrupt has been read at 
the highest priority. | 


The Am2914 is controlled by a 4-bit instruction field Io-l3. 
The command on_the instruction lines is executed if IE is 
LOW and is ignored if IE is HIGH, allowing the 4 | bits to be 
shared with other devices. 


RELATED PRODUCTS 


Part No. 
Am2902A 
Am2913 
Am25LS138~ 
Am27S19 


Description 
Carry Look-ahead Generator 
Priority Interrupt Expander 


3-to-8 Decoder 


Mapping PROM 
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CONNECTION DIAGRAM 
Top View 


GROUP SIGNAL [3 


GROUP ADVANCE 
RECEIVE L_| 4 


Group ENABLE [_]5 


INTERRUPT 
pisas.e LJ ® 38 
RIPPLE DISABLE [| 7 


PARALLEL 
oIsABLe C4 ® 

INTERRUPT [—] 9 
request — 


STATUS 
overFLow L_] "4 

GROUP ADVANCE 
seno 4 '® 


Actual Size 
2” X 0.6” 


CD004210 


Note: Pin 1. is marked for orientation 


SYMBOL 


GROUP INTERRUPT 
ADVAI 1 
iD DISABLE GROUP 


INTERRUPT 
INPUTS 


INSTRUCTION GROUP 
ENABLE ENABLE 


'3 
9 INTERRUPT 
i" INSTRUCTION REQUEST 


'o 


CLOCK ADVANCE RIPPLE PARALLEL 
RECEIVE DISABLE DISABLE 


LS000920 


ORDERING INFORMATION 


Am2914 D Cc B 
Lo Screening Option 
Blank - Standard processing 
B - Burn-in 
Temperature (See Operating Range) 
C - Commercial (0°C to + 70°C) 
M -— Military (-55°C to + 125°C) 
Package 
D - 40-pin CERDIP 
F — 42-pin flatpak* 
L - 44-pin Chip Pak 
X — Dice 


Device type 
Priority Interrupt Controller 


Chip Pak is a registered trademark of Advanced Micro Devices. 
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Chip Pak™™ 


L-44-2 


CD004220 


METALLIZATION AND PAD LAYOUT 


16 17 18 19 20 21 22 23 24 25 26 


DIE SIZE 0.133” x 0.187” 
Numbers correspond to DIP pin-out. 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


DC, DCB, DMB 
FMB 

LC, LMB 

XC, XM 


Am2914 


Valid Combinations 


Consult the AMD sales office in your area to 
determine if a device is currently available in the 
*Note: Flatpak available for military only. combination you wish. 


> 
3 
NO 
© 
ooh 
oe 


Am2914 


BLOCK DIAGRAM DESCRIPTION 


The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required contro! signals for The three-bit Comparator compares the Interrupt Vector with 
the chip. the contents of the Status Register and indicates if the 
Interrupt Vector is greater than or equal to the contents of the 
Status Register. 


Register always points to the lowest level at which an interrupt 
will be accepted. 


The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising 
edge of the CP Clock signal. The Lowest Group Enabled Flip-Flop is used when a number 
of Am2914's are cascaded. In a cascaded system, only one 
Lowest Group Enabled Flip-Flop is LOW at a time. It indicates 
the eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 


The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 


The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from or 
read to the M Bus. Also, the entire register or individual mask 
bits may be set or cleared. The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority Interrupt Vector has been read 


The Interrupt Detect circuitry detects the presence of any and the Status Register has overflowed 


unmasked Interrupt Input. The eight-input Priority Encoder 


determines the highest priority, non-masked Interrupt Input The Clear Control logic generates the eight individual clear 
and forms a binary coded Interrupt Vector. Following a Vector signals for the bits in the Interrupt Latches and Register. The 
Read, the three-bit Vector Hold Register holds the binary Vector Clear Enable Flip-Flop indicates if the last vector read 
coded interrupt vector. This stored vector is used for clearing was from this group. When it is set, it enables the Clear 
interrupts. Control Logic. 

The three-bit Status Register holds the status bits and may be The CP clock signal is used to clock the Interrupt Register, 
loaded from or read to the S Bus. During a Vector Read, the Mask Register, Status Register, Vector Hold Register, and the 
Incrementer increments the Interrupt Vector by one, and the Lowest Group Enabled, Vector Clear Enable and Status 


result is clocked into the Status Register. Thus the Status Overflow Flip-Flops, all on the clock LOW-to-HIGH transition. 


BLOCK DIAGRAM 


LATCH [> : 
BYPASS 
8 1 VECTOR 
p , ry ° ° CLEAR ENABLE 
: 8 INTR INTR CLEAR FLIP-FLOP 
INTERRUPT [_) 0 O 
INPUTS LATCHES REG CONTROL 
3-B1T 
VECTOR HOLO 
REGISTER 
Vv: 
Mi om 8 PRIORITY S - rs) vector 
Mm - pus O84 ENCODER ae alee OUTPUT 
Soe omer rey ee 
3-BIT ro INTERRUPT 
COMPARATOR INTR yen 8 REQUEST 
ROUP ENABLE 
f° S Sr oare se PARALLEL 
° LD DdIsaBLe 
pba ae INCREMENTER BR + dieck 
L_> disaBie 
GROUP 
gigi eR BS : L > ADVANCE 
SEND 


f MICRO 


= S 
INTERRUPT 
: 7 OISABLE STATUS 
INSTRUCTION [| > INSTRUCTION 4 ol overFLowlo STATUS ‘ 
INPUTS OECODE e i FLIP-FLOP OVERFLOW 
GROUP 
Ss 3 BIT ENABLE LOWEST GROUP GS 
STATUS eS ® ENABLED 5 GROUP 


' 
cp STATUS K3> 
CLOCK Bus 3 REGISTER FLIP-FLOP SIGNAL 


GROUP ADVANCE 
RECEIVE 


PIN SYMBOLS 


; OPEN COLLECTOR 
[ >—— inPuT PIN Saver 


—{ > output Pin 


ES BIDIRECTIONAL THREE-STATE 
1/0 OUTPUT 


BD001880 


: 035768 
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TABLE 1. 
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MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT 


Iglalq4ig }=Mnemonic instruction 


Mask Register Functions 

Load mask register from M bus 

Read mask register to M bus 

Clear mask register (enables all priorities) 
Set mask register (inhibits all interrupts) 
Bit clear mask register from M bus 

Bit set mask register from M bus 


Status Register Functions 

Load status register from S bus and LGE flip- 
flop from GE input 

Read status register to S bus 


interrupt Request Control 
Enable interrupt request 
Disable interrupt request 


Vectored Output 

Read vector output to V outputs, load V + 1 
into status register, load V into vector hold 
register and set vector clear enable flip-flop. 


Priority interrupt Register Clear 

Clear all interrupts 

Clear interrupts from mask register data (uses 
the M bus) 

Clear interrupts from M bus data 

Clear the individual interrupt associated with 
the last vector read 


Master Ciear 

Clear all interrupts, clear mask register, clear 
Status register, clear LGE flip-flop, enable 
interrupt request. 
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Am2914 


INTERRUPT 
ISABL 


INTERRUPT REQUEST 
ENABLE FLIP-FLOP 


i >o 


ADVANCE 
SEND 


VECTOR OUTPUT 


Figure 1. Interrupt Request Logic. 


INSTRUCTION 
ENABLE 


MICROINSTRUCTION 
DECODE 
CIRCUITRY 
(SEE TABLE 1) 


PASS ALL 


VECTOR CLEAR 
ENABLE 


Figure 2. 
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RIPPLE 
DISABLE 


6 PARALLEL 
DISABLE 


> INTERRUPT 
REQUEST 


a Eee 
e 
e 
=. ‘> 
e 


2 
STATUS OVERFLOW 


A 
8 
Cc 
D 
E 
F 
G 
H 


>. a 


ne a ee 


PF001130 
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ABSOLUTE MAXIMUM RATINGS | ee OPERATING RANGES 


pi6cuiy 


Storage Temperature ....................e000 -65°C to + 150°C Commercial (C) Devices ! 
(Ambient) Temperature Under Bias....... -55°C to +110°C pa 8 ARS SS a8 nae ee 0°C to +70°C 
Supply Voltage to Ground Potential REMY VONNOG fin ccccasieeicsseesccssensss +4.75V to +5.25V 
COMUBUOUS 5.5.0 essen ass goa cules eas ase 0.5V to +7.0V a 
DC Voltage Applied to Outputs For CARR: (SOR ° ° 
En cman -55°C to +125°C 
High Output State... -0.5V to +Voc max Supply Voltage +4.5V to +5.5V 
EG TE i a cuca SEE ASB (a SES SRR RR SITES ASE 5 ESSE REAR ; 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC Output Current, Into Outputs ......................00 30mA 
DG input: Current (io ssccvins cs eceek -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


a eo Min wot | Max | nite 
v Output HIGH Voltage Voc = MIN, SL ee Ee ae volts | fee) 
ee 7 a Vin-= Vin-oF Vit COM Li lore OMA Bf 


Output Leakage Current — is Ss 
ee io. = 40mA SoM, BN 
lot = 8.0mA Coe Eee 


Vcc = MIN, 


Von. Output LOW Voltage Vin @Vin-0f- Vir 


oumigmk oe i | sy oe 
SE rc 
BS Ce 
input lamp Volage | Voo=MIN, IN==t8mA 
ee 
a 
<a Sea es a 
ie ee 
| M07 i 
eg 
; ch as Ta 
eS ae a eel Be Gi usomieeasemes meprred sco ona ET 
ee ee 
Monee Trae ve pIeaT | a 
[a [pat IH Covent [Veg WA Ve sev tr 
pe ee 
Le wee ae 
ae ee 
i aaa Fe ed Be 
ea orc co 
eo r PAE ee 
Se cs aaa 
Output Short Circuit C t 
tte a ee oom MAR | fo | | se 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as. MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 


(Group A, subgroup 10 and 11 tests and limits) All outputs fully loaded, C, = 50pF. Measurements made at 1.5V with input levels of 
- 0 and 3.0V. For Interrupt Request Output, Ry = 3902, Vioap = 5.0V. : 


TABLE |. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 


Minimum Interrupt Input (Po-P7) LOW Time 
for Guaranteed Acceptance (Pulse Mode) 

Maximum Interrupt Input (Po-P7) LOW Time 

for Guaranteed Rejection (Pulse Mode) 

Minimum Clock Period, IE =H on current 

cycle and previous cycle 

Minimum Clock Period, TIE =L on current 100 

cycle or previous cycle 


TABLE Ii. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 


To Output 
COMMERCIAL MILITARY 
Group Group 

M Ss irpt | Ripple | Advance | SM irpt | Ripple | Advance 

Bus | Bus Req | Disable Send Bus Req | Disable Send 
5 ae ee ee Ce ee ee ee 
aT a ae CN ee ee ee SO ee ee ee ee ee 
ae NS a ee eee 


TABLE Ill. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 


MILITARY 


COMMERCIAL 
To To 
. To | Irpt| To | To | To To | To | Irpt| To | To | To 
Clock Path ' 1 Voi2 | Req} PD | RD | GAS GS | Voi2 | Req} PD | RD | GAS 


| Mack Roger ve for ter] ert go | - | - | ee [os] | | os | - | 
F Stans Regier fe? fee |e] co | 0] =| - | 7 | oe] eo | ee | re) ft 
Lowest Group Enabled Fip-tup f= = pws pet = | - |e] - | -|«)e)- | - | 
lip Peau pemmrresnos fost t= tec | - | - | - feel-|-|- 1 - | -_ 
oma Cote ene fee ete te |) | re - | eee «ol 


TABLE IV. SETUP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-HIGH transition) 


Nest COMMERCIAL MILITARY 


Am2914 Am2914 | 
Set-Up Time Hold Time Set-Up Time Hold Time 


i ae Sea a 


TE 55 55 
lo123 (See Note) pwL + 40 


Note: tpwi is the Clock LOW Time. Both Set-up times must be met. 
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SWITCHING TEST CIRCUIT 


C. OPEN-COLLECTOR OUTPUTS 


Vioap = 5V 
R 
S ’ 
Vout o—o 
| 


TC001200 


D. THREE-STATE OUTPUTS 


Vioap = 5V 


TC001210 


TEST OUTPUT LOAD FOR Am2914 


Advance 
Receive 


Ripple 
Disable 


Parallel 
Disable 


Interrupt 
— 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 


1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
Cause erroneous function failures due to Voc changes. 


2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


3.Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 


5-129 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vj,_ 
or ViH until the noise has settled. AMD recommends using 
Vit SOV and Vip =3.0V for AC tests. 


5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 


6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2914 


Am2914 Burn-in Circuit 


Voc 


IRPT. GRP. 
DISABLE SIG, 


INST. 
ENABLE 


Ri PAR. 
Vcc DISABLE _— DISABLE 


CLOCK 
(100kHz MIN.) 
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i. ee 


IC000450 
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Am2915A 


Quad Three-State Bus Transceiver with Interface Logic 


DISFINCTIVE CHARACTERISTICS 


@ Quad high-speed LSI bus-transceiver 

@ Three-state bus driver output can sink 48mA at 0.5V 
max. 

@ Two-port input to D-type register on driver 


@ Receiver has output latch for pipeline operation 

@ Three-state receiver outputs sink 12mA 

@ 3.5V minimum output high voltage for direct interface to 
MOS microprocessors 


GENERAL DESCRIPTION 


The Am2915A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces- 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to 
the input of a receiver. The four receiver outputs drive four 
D-type latches that feature three-state outputs. 


This LS! bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at 0.5V maximum. The bus enable input 
(BE) is used to force the driver outputs to the high- 
impedance state. When BE is HIGH, the driver is disabled. 
The VoH and Vo. of the bus driver are selected for 
compatibility with standard and low-power Schottky inputs. 


The input register consists of four D-type flip-flops with a 
buffered common clock and two-input multiplexer at the 


input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the B; data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and OE LOW). When the RLE input is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 


BLOCK DIAGRAM 


830 
SELECT ae 


ORIVER 


BUS 
ENABLE BE O 
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RECEIVER 
ORLE LATCH 
ENABLE 


BD002510 
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CONNECTION DIAGRAM 
Top View 


D-24-1 


Am2915A 


CD003010 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


16 15 


20 21 


Ag 89 Ay By Az Bg Ag B3 
Ro 


Ry 


¢€ Dd: 


LS000780 
DIE SIZE .074” x 0.130" 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2915A D Cc B 
L— Screening Option 
Blank - Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 24-pin CERDIP 
F-—24-pin flatpak 
P—24-pin plastic DIP 


Am2915A 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad 3-state Bus Transceiver combination you wish. 
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PIN DESCRIPTION 


|_Pin No. |Name | 1/0 | Description 
8, 16, 20 eee The "A" word data input into the two input multiplexer of the driver register. 
A2, Ag | 
oe ee Bo, Br, se The "'B" word data input into the two input multiplexers of the driver register. 
Bo, Bg | 
eau Select. When the select input is LOW, the A data word is applied to the driver register. When the select input is HIGH, 


the B word is applied to the driver register. 


ie ee ee DRCP ee Driver Clock Pulse. Clock pulse for the driver register. 
ieee): ae ee Bus Enable. When the Bus Enable is HIGH, the four drivers are in the igh impedance state. 


5, 7, 17, 19 |BUSo, 1/O | The four driver outputs and receiver inputs (data is inverted). 
BUS; 
BUS», 
3 
eae cee Ri, BFE hae four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 
eae cee R3 


oo Latch Enable. When RLE is LOW, data on the BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data cence of all other anit 


oa 


FUNCTION 


Driver output disable 
Receiver output disable 


Driver output disable and 
receive data via Bus input 
Latch received data 


Load driver register 


No driver clock restrictions 
Drive Bus 


Ea ae 


X | X : NC 
X | X NC 
X |X| X X 
X |X] X ‘ : : : - x 


Z =HIGH Impedance X =Don't care i =O 4; 2,3 
NC = No change t = LOW to HIGH transition 


MK | KK] KK OK KO 
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APPLICATIONS 


A CONTROL 8B IN 


_ CONTROL 
SCRATCHPAD 


OuT 


AODRESS 
AND 
DATA DISPLAY 


B CONTROL 


Am2915A Am2915A 


Am2915A 


DATA AODRESS - CONTROL 
BUS BUS BUS 
; AF001010 
The Am2915A is a universal Bus Transceiver useful for many 
system data, address, control and timing input/output interfaces. 
05401A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..................ccceeee -65°C to + 150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias....... -55°C to + 125°C MOTO ois etnies cave ove salnscateee 0°C to +70°C 

Supply Voltage to Ground Potential Supply Voltage... cS... +4.75V to +5.25V 
(Ta | Same PRS to ela Se na -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For + “ * 
i oan a ernie: paar oo Coles -55°C to +125°C 
High Output State ....................... -0.5V to +Voc max Seay , it SES ere eR Pape rrr +4.5V to +5.5V 
= aa Pepesete ; In Outputs eee ae “OED +N Operating ranges define those limits over which the function- 
(GT a) Speeds St eee, pepper sates Oaoere: ae 30mA ally OFANG device ie guaranteed, 
DC Output Current, Into Bus...............cccceceeeeeeees 100mA 
Gs TN CM es ss vennsnsccdavie -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Voc = MIN MIL: IoH = -1.0MA 


VoH Receiver Vin = Vit oF ViH COM'L:loH = -2.6mA 
t HIGH Vol 
is ome Voc = 5.0V, lon = -100pnA 
, lo. = 4.0mA 
Output LOW Voltage Voc = MI lo, = 8.0mA 
VoL 5 Trepaing eee Volts 
cdi ver aN” MSN Flow = tad ae 
Input HIGH Level Guaranteed input logical HIGH 
’ input LOW Level Guaranteed’ input logical tow” L.MIL. | or as 
IL (Except Bus) for all inputs SOME os or Sct pegs ee] LO 
Input Clamp Voltage SI ie 


input LOW Current Lois ee 
L (Except Bus) 2 All other inputs | 
Input HIGH Current a = 
Input HIGH Current se o 
Output Short Circuit Current at 
[sc | eon Bu ee | ee 
Power Supply Current Vag = MAX ee 


Off-State Output Current z Vo = 2.4V 


Notes: 1. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


lo, = 24mA eo Chunae 3 
to Bus Output LOW Voltage Voc = MIN lol = 48mA 
COM'L, lon = -20mA 
Bus Output HIGH Voltage Voc = MIN MIL, lon = —-15mA 


Bus Leakage Current Voc = MAX ~ 1 Vo =2.4V 
(High Impedance) Bus enable = 2.4V Vo = 4.5V 


oe 

Seas 

Pg teed 

eee 
(Power OFF) Voc = OV 

Be ed 

eae 


Receiver Input HIGH a 
VIH Threshold Bus enable = 2.4V 
IL 


COM'L 
V Receiver Input LOW Threshold Bus enable = 2.4V 
pee Bus Output Short Circuit Current Vonov. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT BUS DRIVING OUTPUT 


\/ 


17k2 | 5k2 | 602 
| | ae 
| | © OUTPUT, ODD 
INPUT O 4 ® a | 4 | 
\ 
OL 
oat os Z| 
— | 
f™ \/ 


IC000460 


Note: Actual current flow direction shown. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Typ. Typ. 
Parameters Description Test Conditions (Note 1) (Note 1) 
D Clock (DRCP) to B 
sakes oases c.eusy=sopr [| 2 [ef [a [oe | 
RL. (BUS) = 130 2 ee 
ee ke Te ed 
ee ee SE Ee Se 
el ime aes aS oer a 
cg ee aa A ee ee BC a ee 
ee i a = Ca 
(HIGH) 
ee 
(Latch Enable) ee aig es RE 2 
eee es ete 
ee cinae Eileen ei siitoae OO 
Bus to Latch Enable (RLE) 
a ire ees Ss ee 
? | Bask per ars Zs 
Quip Cocmol 0 Mevene He fart weer fs fet | oe 


Notes: 1. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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> 
SWITCHING TEST CIRCUIT 2 
me we 
r 
> 


INPUT A 


R 
OR © Am2915A OR 
INPUT B 


*C_ = 15pF for tp_y, tpHL, 
'ZL. tZH 
Cy. = 5pF for ty, thz 


TCO000880 


SWITCHING WAVEFORMS 


ORIVER 
CLOCK 


BUS ” 
OUTPUT 


VOH 


RECEIVER 
OUTPUT 1.3V 
VoL 


WF002280 


Note: Bus to Receiver output delay is measured by clocking data into the driver register and 
measuring the BUS to R combinatorial delay. 
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Am2916A 


Quad Three-State Bus Transceiver with Interface Logic 


DISTINCTIVE CHARACTERISTICS 


@ Quad high-speed LS! bus-transceiver 

@ Two-port input to D-type register on driver 

@ Three-state bus driver output can sink 48mA at 0.5V 
max. 


®@ Internal 4-bit odd parity checker/generator 

® Receiver output latch can sink 12mA 

@ 3.5V minimum output high voltage for direct interface to 
MOS microprocessors 


GENERAL DESCRIPTION 


The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces- 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to 
the input of a receiver. The four receiver outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 


The LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at 0.5V maximum. The bus enable input 
(BE) is used to force the driver outputs to the high- 
impedance state. When BE is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock and two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. 


The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted). When the RLE input is HIGH, the latch 
will close and retain the present data regardless of the bus 
input. 


The Am2916A features a built-in four-bit odd parity check- 
er/generator. The bus enable input (BE) controls whether 
the parity output is in the generate or check mode. When 
the bus enable is LOW (driver enabled), odd parity is 
generated based on the A or B field data input to the driver 
register. When BE is HIGH, the parity output is determined 
by the four latch outputs of the receiver. Thus, if the driver 
is enabled, parity is generated and if the driver is in the 
high-impedance state, the BUS parity is checked. 


BLOCK DIAGRAM 


SELECT $a 
DRIVER 
clock ORCP © 
BUS - 
enag.e 8 


Ey 5—¢ 000 
PARITY 


RECEIVER 
© RLE LATCH ENABLE 


05402A 


5-138 Refer to Page 13-1 for Essential Information on Military Devices 


CONNECTION DIAGRAM 
Top View 


CD003020 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


16 15 


20 21 


Ap Bo A; 8; Az 82 Ag Bz 


BUS, 


BUS 


BUS3 


LS000790 


DIE SIZE .074” x .130” 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 
DMB 

FM, FMB 

XC, XM 


Am2916A D Cc B 
ae Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to +70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 24-pin CERDIP 
F-— 24-pin flatpak 
P—24-pin plastic DIP 


Am2916A 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad 3-state Bus Transceiver combination you wish. 
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PIN DESCRIPTION 


oe Name Description 
4, 8, 16, 20 The "A" word data input into the two input multiplexer of the driver register. 


~ = 


Am2916A 


The ''B'' word data input into the two input multiplexers of the driver register. 


Select. When the select input is LOW, the A data word is applied to the driver register. When the select input is HIGH, 
the B word is applied to the driver register. 


Bo, Bg 
Driver Clock Pulse. Clock pulse for the driver register. 


as ae Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high-impedance state. 


DRCP 
5, 7, 17, 19 |BUSo, 1/O | The four driver outputs and receiver inputs (data is inverted). 
BUS; 
BUSp, 
BUS, 


ao Ro, Ri, ee The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 
Re, Rg 


Receiver Latch Enable. When RLE is LOW, data on the BUs inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 


INTERNAL 
TO DEVICE 


| PD | Driver [Driver output enable enable 


Evgske? 2c ee 
SEupet Eh eee 
Moe X L X H H receive data via Bus input 
pnc | x | ne | x 


ae 2: ae NC ee Latch Latch received data Latch received data 


X 
iL; X 
: H ‘ X 
2 3 : X 
X X 

NC 

NC 


H = HIGH Z_ =HIGH Impedance = Don't care 
L =LOW NC = No change ; = LOW to HIGH transition 
PQ=Parity of Q latches 
PD=Parity of D flip-flops 


Xx 
: ‘ X |Load driver register 
xX : Xx 


rien oo 
«MK | KK KK 


X 
No driver clock restrictions 


i =0, 1,2, 3 


x XK 
x &X< 


PARITY OUTPUT FUNCTION TABLE 


| BE | ODD PARITY OUTPUT 
3 ODD = Ip 1; lo Slg 
H ODD = Qo ®Q; ®Q2 8 Q3 


|; = Selected input Aj or Bj 
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APPLICATIONS 


v9Ll6ecuiy 


CLOCK g — —s oe <ce 


BUS BUS PARITY 


ENABLE 


LATCH 
ENABLE 


OOD/EVEN 
CONTROL 
L = EVEN 
H= 000 


Py Pa Pg Pa Pa Pg Py Pg Po 


Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


AFO000990 


Generating or checking parity for 16 data bits. 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to +125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 
(Except Bus) 


-0.5V to +7.0V 


-0.5V to +Vcc max 
-0.5V to +7.0V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


0°C to +70°C 
+4.75V to +5.25V 


Military (M) Devices 


Temperature 
Supply Voltage 


-55°C to +125°C 
+4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC Output Current, Into Bus 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Voo = MIN Miton=-10mA_| 24 | 34 |_| 
VoH Receiver 
Output HIGH Voltage 


VIN=Vic or Min [OOML: Ion=-26mA| 24 | 34 |_| 
Parity Voc = MIN, lon = -660yA 
Output HIGH Voltage Vin = Vint or Vit 


Voc = 5.0V, lon = -100uA 


MIL 
Volts 


Output LOW Voltage 
(Except Bus) 


Voc = MIN 


lot = 8.0mA 
lo. = 12mA 


Input HIGH Level : : 
(Except Bus) Guaranteed input logical HIGH for all inputs pe 20 | 
Vv Input LOW Level ; Guaranteed input logical LOW ia Se 
* (Except Bus) for all inputs POOL ee ee 

Input Clamp Voltage we nee 

Wie Input LOW Current Voc = MAX, Vin = 0.4V BE, ALE oe 
(Except Bus) All other inputs | 
= Bea 
Ioc Sage 


Vin = Vit or Vin 


Input HIGH Current - 2 

(Except Bus) Voc = MAX, Vin = 2.7V 

Input HIGH Current e _ . 
(Except Bus) Voc = MAX, Vin = 7.0V 


Output Short Circuit Current iS RECEIVER 
i. ansatsa glee ee 
| Icc___| Power Supply Current Voc = MAX, All inputs = GND 


Notes: 1. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


05402A 
Refer to Page 13-1 for Essential Information on Military Devices 


5-142 


BUS wiles casa Sas CHARACTERS Ee over operating temperature range 


volecuiy 


Description Test Conditions (Note 1) en [| i 
cae ees Ss es 
es ee a | ee ee 
vt : . 3 COM'L, lon = -20mA 
VOH Bus Output HIGH Voltage Voc = MIN MIL, Ion =-15mA 2.4 Volts 


Vo =.0.4V 

Bus Leakage Current Voc = MAX Vo = 2.4V 

re dcpeccr tad eee es O “gate 
Vo=45V_ sues SR. Se 


Bus Leakage Current Vo = 4.5V 
OFF (Power OFF) Veo = 0V 
Recover Input LOW Trees | Bus enable 24V aie — eS 
2 07 
ey Voc = MAX 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT . _ DRIVING OUTPUT 


O OUTPUT, ODD 


4 > --- 
4 


ICO00460 


Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


: 
Typ Typ 
Parameters Description Test Conditions (Note 1) (Note 1) 
ee 
Driver Clock (DRCP) to B 
: ‘i G. @us=sopr [ [ar [ae [ar [a6 | 
L (BUS) Se eT ee 
ones EOE deeds 
. See OR eS © eee 
a Fem | Pee 
Gaines Qe eee 1 
a Pao eee 
[tew | Glock Pulse Width (HIGH) Ae Sar fo ee ee 
Sime EG a Tee a er ae ae 
(Latch Enabled) aera Es eG ae 
Latch Enabli R O 
Se a ee 
Bus to Latch Enable (RLE 
ee Pe oo 2 ees Se LS ae 
A or B Data to Odd Parity Output A= 20MR ST TOP ee [oa] dee | a8 | 
(Driver Enabled) | ee ee fe 
ii ae oe Re S82 ee So Ses 
(Driver Inhibited, Latch Enabled) Powe Peed ars cae 
cb ke ake es = Sel eee Se 
Odd Parity Output PC ioe ae ee 


Notes: 1. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING TEST CIRCUIT 


— 
= 
ND 
© 
ecxdlie 
r 
> 


INPUT A 


R 
ORO Am2916A OR 
INPUT B 


TC000890 


*C_ = 15pF for tpLy, tpHL, tz, t2H 
C. = 5pF for tyz, tiz 


SWITCHING WAVEFORMS 


ORIVER 
CLOCK ———S ee 


Proc 


PLH — fea 
BUS 
OUTPUT i naan args Y 
~—— 'PLH pes jenn 
RECEIVER 
OUTPUT 


WF002281 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2917A 


Quad Three-State Bus Transceiver with Interface Logic 


DISTINCTIVE CHARACTERISTICS 


@ Quad high-speed LSI bus-transceiver 

@ D-type driver register with tri-state bus driver output can 
sink 48mA at 0.5V max. 

@ Internal 4-bit odd parity checker/generator 


@ Receiver has output latch for pipeline operation 

@ Three-state receiver outputs sink 12mA 

@ 3.5V minimum output high voltage for direct interface to 
MOS microprocessors 


GENERAL DESCRIPTION 


The Am2917A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces- 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops. The flip-flop outputs are connect- 
ed to four three-state bus .drivers. Each bus driver is 
internally connected to the input of a receiver. The four 
receiver outputs drive four D-type latches, that feature 


three-state outputs. The device also contains a four-bit odd _ 


parity checker/generator. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at 0.5V maximum. The bus enable input 
(BE) is used to force the driver outputs to the high- 
impedance state. When BE is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock 
(DRCP) enters the Aj data into this driver register on the 
LOW-to-HIGH transition. 


Data from the A input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 


output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type latch that is controlled from the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow the bus inputs 
(BUS data inverted and OE LOW). When the RLE input is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 


The Am2917A features a built-in four-bit odd parity check- 
er/generator. The bus enable input (BE) controls whether 
the parity output is in the generate or check mode. When 
the bus enable is LOW (driver enabled), odd parity is 


_generated based on the A field data input to the driver 


register. When BE is HIGH, the parity output is determined 
by the four latch outputs of the receiver. Thus, if the driver 
is enabled, parity is generated and if the driver is in the 
high-impedance state, the BUS parity is checked. 


BLOCK DIAGRAM 


eben DRCPO 


Bus 
enaace FO 


5-146 


OUTPUT 
0 OF CONTROL 


mi te ee 
- 
eo O PARITY 
- 
we 


BD001890 


RECEIVER 


o< | OATE LATCH 


ENABLE 
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CONNECTION DIAGRAM 
Top View 


vVzlezwy 


Am2917A 


CD004160 


Note: Pin 1 is marked for orientation 
LOGIC SYMBOL 


1 


Am2917A 


LS000880 


DIE SIZE .074” x.130” 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 

B 

La Screening Option 


Valid Combinations 
Blank - Standard processing 


B — Burn-in Am2917A 


Temperature (See Operating Range) 
C -Commercial (0°C to +70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 20-pin CERDIP 

F-—20-pin flatpak 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

. Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Quad 3-state Bus Transceiver combination you wish. 


Am2917A Cc 
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a The four driver register inputs. 
1/0 


PIN DESCRIPTION 


3, 7 Ao, Ai, 
13, 17 A2, Ag 


Receiver Latch Enable. When ALE is LOW, data on the BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 


Lee Oo es ee Odd parity output. Generates parity with the driver enabled, checks parity with the driver in the high-impedance state. 
STR (> Se Be ee Output Enable. When the OE input is HIGH, the four three-state receiver outputs are in the high-impedance state. 


FUNCTION TABLE 


INTERNAL 
INPUTS TO DEVICE OUTPUT 
FUNCTION 


Ca [orce [ee [RETR] | a [eus| mi 


Driver output disable and 
receive data via Bus input 
Latch received data 


Load driver register 


No driver clock restrictions 


L =LOW NC = No change = LOW to HIGH transition 


H = HIGH Z =HIGH Impedance on't care 


PARITY OUTPUT FUNCTION TABLE 


ce ODD PARITY OUTPUT 
& ODD = Ag @ Ai @ A2 @ Ag 
H .| ODD=Qo @ Qi @ Q2 @ G3 
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APPLICATIONS 


4 


Am2917A 
ADDRESS REGISTER 


BUS 


Am2918 
STATUS REGISTER 


A 


Am2917A 
DATA _BUS soe. 
REGISTER MORY 


R 


FLAGS Y 


A 


Am2909 
MICROPROGRAM 
SEQUENCER 


/0 
BUS 


BIPOLAR 


MICROPROCESSOR 


R 


8) 


ROM/PROM 
MiCROCODE 


Am2918 
MiICROWORD 
REGISTER 


AF001380 


The Am2917A can be used as an |/O Bus Transceiver and 
Main Memory !/O Transceiver in high-speed Microprocessor Systems. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ....................0.00 -65°C. to + 150°C Commercial (C) Devices 
Ambient Temperature Under Bias......... -55°C to +125°C PORMIOISUNG cc npey ste neseras) «sca nas eninecss 
Supply Voltage to Ground Potential SUNY VONAGE Sc oices etc chests csv secant +4.75V to +5.25V 
ety es Gel Seen TS Se ae pine -0.5V to +7.0V be 
DC Voltage Applied to Outputs For Mas ae Devices ° ° 
FGPARGFOUNG oo. cei 5 ces tin voce le ok counede -55°C to + 125°C 
High Output State...................... -0.5V to +Vcc max. 
Supply VOUNRGC 5.5... sigs den sdiGiseredscs aves +4.5V to +5.5V 
Ee TOU VOROG < oo nicaSitconnennsicvnag veh Ed -0.5V to +7.0V : : te ! : 
Operating ranges define those limits over which the function- 
DC. Output Current, Into Bus............4......8...eec 100mA ality of the device is guaranteed . 
DC Output Current, Into Outputs g ; 
(ECE RS) 1s boos secede senna Certee ioe ens es 30mA 
Ce INOUE COIN assis Go ca ci cose en beh ke -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


, a Mi:igu=-toma [24 | 94 |_| 

Vor Receiver Vin=Vi orVin [COM lon=-26ma| 24 | 34 | | Volts 
Output HIGH Voltage 

Voo= 5.0V, lon = —100uA 2 eae Coca 


: Parity EES ee 5 aeons os Sa 3 oe asi. oe Se ee 
ik Output HIGH Voltage Vin = Vit or Vit COM'L Se SS Se 
lo. = 4.0mA 


Output LOW Voltage Vcc = MIN lo, = 8.0mA 
(Except Bus) Vin = Vit or Vin 
lo. = 12mA 


Input HIGH Level : ; ; 

(Except Bus) Guaranteed input logical HIGH for all inputs 
Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs 
Input Clamp Voltage ee i 

(Except Bus) Voc = MIN, lin 18mA 


se ree 
Ears 
ease aaaes 
a 
asks 
ee 
input LOW Current ee emer le 4 
(chy Sage Loekuemendtld Cite canes 
ae 
Bee wa 
Boge 
sae 
eae 


Input HIGH Current ae rs 

(Except Bus) Voc = MAX, Vin = 2.7V 

Input HIGH Current | 3 e 

(Except Bus) Voc = MAX, Vin = 7.0V 

Output Short Circuit Current Vac = MAX RECEIVER 
(Except Bus) CC PARITY 
Power Supply Current Voc = MAX 

Off-State Output Current Bs Vo = 2.4V 
(Receiver Outputs) Vec = MAX Vo = 0.4V 


ee | 


VIH 
ViL 
V\ 
| Ne 
Isc 
loc 


12) 
a 
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BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Bus Output LOW Voltage = MIN eatin Volts 
dea] Yoo e— 
COM'L, lon = -20mA 
Bus Output HIGH Voltage Voc = MIN MIL, lon =-15mA Volts 


Vo=0.4V eros 
Se aakae ae Yas = AK Vo=2.av Bore: Pe wees 
(High Impedance) Bus enable = 2.4V 

Vo = 4.5V a eee 


Bus Leakage Current Vo = 4.5V 
OFF (Power OFF) Voc = OV. 


[Vin | Receiver Input FIGH Threshold | Gus enabio=2aV a 


Bus Output Short Circuit Voc = MAX 
Current Vo = 0V 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


ORIVEN INPUT , DRIVING OUTPUT 


O OUTPUT, ODD 


INPUT © 4 > = as om 
4 


IC000460 


Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified | 


Description 


2.8 Driver Clock (DRCP) to Bus , 
G, (BUS) = 50 pF 
Rc (US) = 190 
eh ak Bus Enable (BE) to Bus 
tHz, tLz 


Bus to Receiver Output 
(Latch Enabled) 
: 

Latch Enable to Receiver Output 
aes Oe a 
Sea CL = 15 pF 
A Data to Odd Parity Out RL = 2.0k2 
(Orver Enabled) 
Bus to Odd Party Out 
(Driver Inhibit) 
Latch Enable (RLE) to Odd | 
Parity Output 


Notes: 1. Typical limits are at Voc =5.0V, 25°C ambient and maximum loading. 


> 
- 
e 
~ 
> 
> 
3 
o 
cooks 
“ 
> 


COMMERCIAL MILITARY 2 


|x| wn | |e. 

(Note 1) (Note 1) 
Soe ee 
ies es Ben a 
fos 
ie | i ye at 
ee 
Re ete Be. 

pS 5 Dost gee eee le 
Sf 
re ee RS ae 
ee ee 
ieee Skis anaes See ee en 
Se re 
Pa ies 2 a ee BS 
Sea eee 
Tee ime | 26 | 40 
Se ee 
fe Ree 
Ee 
ee as ee 
BL 
Sk eee 


2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


5-152 
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SWITCHING TEST CIRCUIT 3 
© 
Ni 
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INPUT A 


© Am2917A 
INPUT B 


TC001170 


*C_ = 15pF for tpi, tet, tzL, tZH 
C_ = 5pF for tyz, tiz 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


A INPUT 


BUS 
OUTPUT 


RECEIVER 
OUTPUT 


WF002580 


Note: Bus to Receiver output delay is measured by clocking data into the driver register and measuring the 
BUS to R combinatorial delay. 
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~Am2918 


Quad D Register with Standard and Three-State Outputs 


_DISTINCTIVE CHARACTERISTICS 


@ Advanced Schottky technology 
@ Four D-type flip-flops 
@ Four standard totem-pole outputs 


@ Four three-state outputs 
@ 75 MHz clock frequency 


GENERAL DESCRIPTION 


New Schottky circuits such as the Am2918 register provide 
the design engineer with additional flexibility in system 
configuration - especially with regard to bus structure, 
organization and speed. The Am2918 is a quadruple D-type 
register with four standard totem-pole outputs and four 
three-state bus-type outputs. The 16-pin device also fea- 
tures a buffered common clock (CP) and a _ buffered 
common output control (OE) for the Y outputs. Information 
meeting the set-up and hold requirements on the D inputs is 
transferred to the Q outputs on the LOW-to-HIGH transition 
of the clock. ; 


The same data as on the Q outputs is enabled at the three- 


state Y outputs when the ‘output control'' (OE) input is 


LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am2918 register can be used in bipolar microproces- 
sor designs as an address register, status register, instruc- 
tion register or for various data or microword register 
applications. Because of the unique design of the three- 
state output, the device features very short propagation 
delay from the clock to the Q or Y outputs. Thus, system 
performance and architectural design can be improved by 
using the Am2918 register. Other applications of Am2918 
register can be found in microprogrammed display systems, 
communication systems and most general or special pur- 
pose digital signal processing equipment. 


BLOCK DIAGRAM 


D 
OC 


Q 
P re) 
D Q 


_i 


D3 


CLOCK CP 


OUTPUT 
CONTROL OE 


: STANDARD 
OUTPUTS 


THREE-STATE 
OUTPUTS 


BD002150 


03624B 
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CONNECTION DIAGRAM 
Top View 


CD004250 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


Lary 
ae! 


rate 


S A 3-6 A013 


"rate 


LS000900 


DIE SIZE 0.070” x 0.072” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 
DMB 


Am2918 D Cc B 
ae Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) Am2918 FM, FMB 
C -Commercial (0°C to +70°C) LC, LCB, LM, 
M —Military (-55°C to + 125°C) LMB 


XC, XM 


Package 

D- 16-pin CERDIP 

F-16-pin flatpak 

L-20-pin leadiess chip carrier 
P-—16-pin plastic DIP 

X- Dice 


Device type 


Quad D Register Valid Combinations 


Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


03624B 
5-155 Refer to Page 13-1 for Essential Information on Military Devices 


> 
3 
NO 
ve] 
oh 
foe) 


Am2918 


PIN DESCRIPTION 


Description 


| «Ds The four data inputs to the register. 
Sees eee The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed non-inverted. 
ee The four three-state data outputs of the register. When the three-state outputs are enabled, data is passed non- 


inverted. A HIGH on the "output control'' input forces the Yj outputs to the high-impedance state. 
CP pa CP Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 


OE Output Control. When the OE input is HIGH, the Yj outputs are in the high-impedance state. When the OE input is 
LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


INPUTS OUTPUTS 


CLOCK 
poe [S| > | a | v noms 
H L X NC Z - 
H H X NC Z - 
H t L L Z 
H t H H Zz 
L t L L L 
L t H H H 
L - - E L 
L - - H H 
L =LOW NC = No change 


H = HIGH t = LOW to HIGH transition 
X = Don't care Z =High impedance 


Note: 1. When OE is LOW, the Y output will be in 
the same logic state as the Q output. 
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APPLICATIONS 


Am2901A Am2901A Am2918 
BIPOLAR : BIPOLAR DATA-IN 
MICROPROCESSOR MICROPROCESSOR ¥ REGISTER 


CARRY 
OVERFLOW : Z 
ZE 


RO 
Am2918 Am26S10 
NEGATIVE D DATA-OUT © \ 


BUS 
REGISTER TRANSCEIVER 


CONTROL 
PANEL 
DISPLAY 


FLAG DATA Am26S10 ADDRESS 
BUS 


; BUS 
CONTINUOUS FOR BUS USE REGISTER TRANSCEIVER 


AF001660 


The Am2918 as a 4-Bit status register The Am2918 used as data-in, data-out and address 
registers. 


OUTPUT 
CONTROL 


AF001580 


The Am2918 can be connected for bi-directional interface between two buses. The device on the left stores 
data from the A-bus and drives the A-bus. The device on the right stores data from the B-bus and drives 
the A-bus. The output contro] is used to place either or both drivers in the high-impedance state. The 
contents of each register are available for continuous usage at the N and M ports of the device. 


SERIAL SERIAL 
DATA DATA 
IN OUT 


CLOCK 


BUS 
CONTROL 


AF001650 


8-Bit serial to parallel converter with three-state output (W) and direct access to the register word (X). 
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Am2918 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential Supply Voltage 
(Pin 16 to Pin 8) Continuous -0.5V to +7.0V a: 5 
DC Voltage Applied to Outputs For oY) ee iy ‘ 
High Output State -0.5V to +Vcc max ze perstire cee Ties 
; Supply Voltage +4.5V to +5.5V 


~ it Cees Into Outputs ORY. Wiet.8.9V Operating ranges define those limits over which the function- 
; ality of the device is guaranteed. 

DC Input Current 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) Min ins | Max | Unite 


————————— 
VOH Output HIGH Voltage Voc = MIN, ee a See aes Volts 


Min=Vin ori | | XM tonm-2ma__ | 24 | a4 | 
ese fae | se | | 


— Input LOW Level Sinn input logical LOW voltage for all 


Input Clamp Voltage Voc = MIN, lin =-18mMA 


Rite 3) Input LOW Current Voc = MAX, Vin = 0.5V ae 
ses scsi apo Yer aely Pd ee | 


Th ___| Input HIGH Current Voo = MAX, Vin = 58V ee | 
Y Output Off-State Voc = MAX Vo = 2.4V Reon: aa BS A 
oan one Vo=0aV ee 
Output Short Circuit Current 

Tico | Power Supply Gurrent Voc = MAX (Note 6) P| i fa 


: 1. Typical limits are at Voc = 5.0V, Ta = 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5 

6 


. loc is measured with all inputs at 4.5V and all outputs open. 
. Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open. 
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| SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


Y ORIVING OUTPUT 


Q DRIVING OUTPUT DRIVEN INPUT 


502 NOM 


. UNIT LOAD 
| 
| 
OO | e 
| 
| 
| 
| 


2.8k2 NOM 


WH 


Le | : 


es es ee ee ee ee ee 


1C000410 


Note: Actual current flow direction shown. 


SWITCHING CHARACTERISTICS (Ta = +25°C, Voc = 5.0V, Ry. = 28022) 


|_Parameters | Description | Test Conditions | Min | Typ | Max | Unite 
oe 


7.0 
ine 2 a 
oe Low | 


_ sn. a peer a eee eee 
<_< a oot ee 
Geek 1 utp ro ee oe 
ae 
ce eee 
2: ae: Simic Be 
— Control to Output ee ee 
: ees 
2 es Bias! — 
tec | Mannan Clock Frequency | ie eetepe dT me a 


03624B 
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Am29LS18 


Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


® Low-power Schottky version of the popular Am2918 
@ Four standard totem-pole outputs 


@ Four three-state outputs 
@ Four D-type flip-flops 


GENERAL DESCRIPTION 


The Am29LS18 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up 
and hold requirements on the D inputs is transferred to the 
Q outputs on the LOW-to-HIGH transition of the clock. 


The same data as on the Q outputs is enabled at the three- 
state Y outputs when the ‘'output control’ (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am29LS18 is a 4-bit, high-speed register intended for 
use in real-time signal processing systems where the 


standard outputs are used in a recursive algorithm and the 
three-state outputs provide access to a data bus to dump 
the results after a number of iterations. 


The device can also be used as an address register or 
status register in computers or computer peripherals. 


Likewise, the Am29LS18 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 
bus organized for occasional interrogation of the data as 
displayed. 


BLOCK DIAGRAM 


D3 


CLOCK CP 


OUTPUT 
CONTROL OE 


Q; 
STANDARD 
OUTPUTS 


THREE-STATE 
OUTPUTS 


03623A 
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OE GND 


CD004270 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 


Qo Q, Qo Q3 Yo Y; Yo Y3 


5 11 14 3 6 10 13 


Am29LS18 


Device type 
Quad D Register 


LS000900 


DIE SIZE 0.083” x 0.099” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Cc B 
L— Screening Option 
Blank -— Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M —Military (-55°C to +125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


5-161 


Valid Combinations 


PC 

DC, DCB, DM, 
DMB 

FM, FMB 

XC, XM 


Am29LS18 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


|_Pin No. |Name | 1/0 | Description 

See eee The four data inputs to the register. 

| «Qs | The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed non-inverted. 
oe oe The four three-state data outputs of the register. When the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the ‘output control'' input forces the Yj outputs to the high-impedance state. 


| 9  ~+|CP_~—s|_~—_s| CP. Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 


ee eee OE Output Control. When the OE input is HIGH, the Yj; outputs are in the high-impedance state. When the OE input is 


LOW, the TRUE register data is present at the Yj outputs. 


FUNCTION TABLE 
Pi) ANU | OUTPUTS _ 


CLOCK 
CP Y NOTES 


z 
Z 
Z 
rs 
L 
H 
L 
H 


ame Eb pases aE pga 


Hh 


L =LOW NC = No change 
H = HIGH t =LOW to HIGH transition 
X = Don't care Z =High impedance 


Note: 1. When OE is LOW, the Y output will be in 
the same logic state as the Q output. 
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INPUT 
OATA 


LENGTH | “ 
CONTROL | 


ENABLE 


8 
” 
rd 
2 
< 
~ 


1/2 Am25LS139 


APPLICATIONS 


DF COOER DECODER ECODER 
Of VER ORIVER Moaiver 


t U 


<i 


lf] Callas 
ce ee 


a DATA 
ee re us 


2 2 
7) 

= g 
zg = 
= N 
€ € 
< < 


1 2 Am?51S139 


AF001410 


The Am29LS18 used as a display register with bus interrogate capability. 


Am29LS18 


AF001400 


The Am29LS18 as a variable length (1, 2, 3 or 4 word) shift register. 
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Am29LS18 


ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGE 


‘Storage Temperature ................cceseeeee -65°C to + 150°C Commercial (C) Devices : 
(Ambient) Temperature Under Bias....... -55°C to +125°C FOROPEUUNG | 5. arenas is pes csc cdoesossesestnes 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage cos: oo. see des cc eees + 4.75V to +5.25V 
MITTS os cise uae dave sexe «08s pe he -0.5V to +7.0V Pe 
; Military (M) Devices 
BG etage Applied’ to” Outputs For ae ee hii vcs AW nena -55°C to +125°C 
EN SIU SIBNR ehtets eageert ts: aOBY-40 + VCo tax Sepply. VolWeGe i As. cccc- +s 00s+rdsvacszeaees +4.5V to +5.5V 
DG: WG. VONAGE ho f082s. hace ssneSeevcas eee -0.5V to +7.0V | Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs .............. cece eee e es 30mA ality of the device is guaranteed 
DG input: Current oe si cee ievenrs -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


a pee eee 
: oe ee, | 
Mi oreo | ee ee | 
Y [oom tov=20ma| 24 | 94 | 


Guaranteed input logical HIGH 
input. HIGH Level voltage for all inputs 
: . MIL 
Guaranteed input logical LOW PMiL | 
Lge EN Leet voltage for all inputs 


Benes 
es 

20] 

aoe 

oar ae 

Fiaput Clamp Voltage [Voc=MIN, iw=-t0ma_ SSS 
een! 

ee 

gla 

ee 

ia oes: 


Voc = MIN 
Vin = Vind or Vit 


Output HIGH Voltage 


Voc = MIN 
Vin = Vint OF Vit 


Output LOW Voltage 


Input LOW Current Voc = MAX, Vin = 0.4V 
Input HIGH Current Voc = MAX, Vin = 2.7V 
Input HIGH Current Voc = MAX, Vin = 7.0V 


Off-State (High-Impedance) wee aa Vo = 0.4V 
Output Current cc Vo = 2.4V 

Power Supply Current 
(Note 4) 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ioc is measured with all inputs at 4.5V and all outputs open. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


sis Tézuy 


Y ORIVING OUTPUT Q ORIVING OUTPUT ORIVEN INPUT 


502 NOM 


Note: Actual current flow direction shown. 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


t : 
Gok’ te 6 
tPHL © ; 


t 
eee = 


BAP ee SR 
a oe 


a? Seas ee 
+ Speers baat | owen 


perating frequency with no constraints on tr, t;, pulse 


MILITARY 
Am29LS18 


Note 1. Per industry convention, fmax is the worst case value of the maximum device o 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Description 


t 
ek ao 
tPHL 


t 
Clock to Yj (OE LOW) 
tPHL 


C. = 50 pF 
L Pp 
oo Clock Pulse Width THIGH RL =2.0kQ 


COMMERCIAL 
Am29LS18 


Test Conditions 


ae 
n 
aay 


_ 


i) 


—s 
Ni oO 


C. = 50 pF 
Ri = 2.0 kQ 


Ttmex | Maximum Glock Frequency (Note 1) ae 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


rl 
S 
fe 
Ni 
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Am2910A 


Microprogram Controller 


DISTINCTIVE CHARACTERISTICS 


@ Sixteen Powerful Microinstructions 


Tweive Bits Wide 

Addresses up to 4096 words of microcode with one 
chip. All internal elements are a full 12 bits wide. 
internal Loop Counter 

Pre-settable 12-bit down-counter for repeating instruc- 
tions and counting loop iterations. 

Four Address Sources 

Microprogram Address may be selected from micropro- 
gram counter, branch address bus, 9-level push/pop 
stack, or internal holding register. 


Executes 16 sequence control instructions, most of 
which are conditional on external condition input, state 
of internal loop counter, or both. 

Output Enable Controls for Three Branch Ad- 
dress Sources 

Built-in decoder function to enable external devices onto 
branch address bus. Eliminates external decoder. 

Fast 

The Am2910A supports 100ns cycle times and is 25 - 


30% faster than the Am2910. 


GENERAL DESCRIPTION 


The Am2910A Microprogram controller is an address 
sequencer intended for controlling the sequence of execu- 
tion of microinstructions stored in microprogram memory. 
Besides the capability of sequential access, it provides 
conditional branching to any microinstruction within its 
4096-microword range. A last-in, first-out stack provides 
microsubroutine return linkage and looping capability; there 
are nine levels of nesting of microsubroutines. Microinstruc- 
tion loop count control is provided with a count capacity of 
4096. 


microprogram address register (uPC), which usually con- 
tains an address one greater than the previous address; 2) 
an external (direct) input (D); 3) a register/counter (R) 
retaining data loaded during a previous microinstruction; or 
4) a nine-deep last-in, first-out stack (F). 


The Am2910A is a speed improved plug-in replacement of 
the Am2910 featuring AMD's ion-implanted micro-oxide 
(IMOX) processing and offering 25 - 30% speed improve- 
ment. The Am2910A also features a nine-word deep stack 


During each microinstruction, the microprogram controller versus the five-deep.stack of the Am2910. 


provides a 12-bit address from one of four sources: 1) the 


BLOCK DIAGRAM 


| # 


PUSH/POP/HOLO/CLEAR 


INSTRUCTION 
PLA 


CLEAR/COUNT 


BDR02320 


IMOX is a trademark of Advanced Micro Devices, Inc. 04522B 
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CONNECTION DIAGRAM 
Top View 


D-40,P-40 F-42-1 Chip-Pak™™ 


CD004680 CD004690 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


GND 
Ys D4 Ya 03 Y3 | D2 Y2 Dy 


| 


PUTT aT te | 


a) ho 


gonr 


Ac 
ae 


Uw guia ‘ali ate 
| Rose 


$Y =. 
: 


Ye 07 Y7 Dg Ys8GND Dg Y9 Dio 


Die Size 0.170” x 0.194” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 


Am2910A D Cc B 
— Screening Option 


Blank - Standard processing DC,DCB,DMB 
B - Burn-in Am2910A FMB 
LC,LMB 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M —Military (-55°C to +125°C) 


Package 

D- 40-pin CERDIP (D-40-1) 

F—42-pin flatpak (F-42-1) 

L-—44-pin leadless chip carrier (L-44-1) 
P—40-pin plastic DIP (P-40-1) 


XC,XM 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Microprogram Controller combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Am2910A 


PIN DESCRIPTION 


1 [Direct input to rogater/countor end mulipierse Op ISB 
1 [Selects one-oteiioen instructions for the AMSA, 
TC ligin wc me eealeet a 
[1 [Whenever the signal is HIGH, CC fe ignored and the par operates as though GO were tue COW). 


When LOW forces loading of register/counter regardless of instruction or condition. 
Three-state control of Yj outputs. 


Triggers all internal state changes at LOW-to-HIGH edge. 


Can select #1 source (usually Pipeline Register) as direct input source. 


Indicates that nine items are on the stack. 
Can select #2 source (usually Mapping PROM or PLA) as direct input source. 


*DIP only. 


PRODUCT OVERVIEW 


The Am2910A is a bipolar microprogram controller intended 
for use in high-speed microprocessor applications. It allows 
addressing of up to 4K words of microprogram. 


The controller contains a four-input multiplexer that is used to 
select either the register/counter, direct input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 


The register/counter consists of 12 D-type, edge-triggered 
flip-flops, with a common clock enable. When its load control, 
RLD, is LOW, new data is loaded on a positive clock transition. 
A few instructions include load; in most systems, these 
instructions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the multiplexer as 
a source for the next microinstruction address. The direct input 
furnishes a source of data for loading the register/counter. 


The Am2910A contains a microprogram counter (uPC) that is 
composed of a 12-bit incrementer followed by a 12-bit register. 
The uPC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current Y output word 
plus one (Y + 1— uPC). Sequential microinstructions are thus 
executed. When the carry-in is LOW, the incrementer passes 
the Y output word unmodified so that uPC is reloaded with the 
same Y word on the next clock cycle (Y — uPC). The same 
microinstruction is thus executed any number of times. 


The third source for the multiplexer is the direct (D) input. This 
source is used for branching. 


The fourth source available at the multiplexer input is a 9-word 
by 12-bit stack (file). The stack is used to provide return 
address linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word written. This allows stack reference 
operations (looping) to be performed without a pop. 


The stack pointer operates as an up/down counter. During 
microinstructions 1,4, and 5, the PUSH operation may occur. 


rue 
pied 
ave 
ca 
Boke 
To 
re 


Can select #3 source (for example, Interrupt Starting Address) as direct input source. 


This causes the stack pointer to increment and the file to be 
written with the required return linkage. On the cycle following 
the PUSH, the return data is at the new location pointed to by 
the stack pointer. 


During five microinstructions, a POP operation may occur. The 
stack pointer decrements at the next rising clock edge 
following a POP, effectively removing old information from the 
top of the stack. 


The stack pointer linkage is such that any sequence of 
pushes, pops, or stack references can be achieved. At RESET 
(Instruction 0), the depth of nesting becomes zero. For each 
PUSH, the nesting depth increases by one; for each POP, the 
depth decreases by one. The depth can grow to nine. After a 
depth of nine is reached, FULL goes LOW. Any further 
PUSHes onto a full stack overwrite information at the top of 
the stack, but leave the stack pointer unchanged. This 
operation will usually destroy useful information and is normal- 
ly avoided. A POP from an empty stack may place non- 


.meaningful data on the Y outputs, but is otherwise safe. The 


stack pointer remains at zero whenever a POP is attempted 
from a stack already empty. 


The register/counter is operated during three microinstruc- 
tions (8,9,15) as a 12-bit down counter, with result = zero 
available as a microinstruction branch test criterion. This 
provides efficient iteration of microinstructions. The register/ 
counter is arranged such that if it is preloaded with a number N 
and then used as a loop termination counter, the sequence will 
be executed exactly N+ 1 times. During instruction 15, a 
three-way branch under combined control of the loop counter 
and the condition code is available. 


The device provides three-state Y outputs. These can be 
particularly useful in designs requiring automatic checkout of 
the processor. The microprogram controller outputs can be 
forced into the high-impedance state, and pre-programmed 
sequences of microinstructions can be executed via external 
access to the address lines. 
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0 
A 


DECREMENT/HOLD/ 
LOAD 


INSTRUCTION 
PLA 


CLEAR/COUNT 


we 


M 
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OPERATION 


The Table of Instructions shows the result of each instruction 
in controlling the multiplexer which determines the Y outputs, 
and in controlling the three enable signals PL, MAP, and 
VECT. The effect on the register/counter and the stack after 
the next positive-going clock edge is also shown. The multi- 
plexer determines which internal source drives the Y outputs. 
The value loaded into uPC is either identical to the Y output, or 
else one greater, as determined by Cl. For each instruction, 
one and only one of the three outputs PL, MAP, and VECT is 
LOW. If these outputs control three-state enables for the 
primary source of microprogram jumps (usually part of a 
pipeline register), a PROM which maps the instruction to a 
microinstruction starting location, and an optional third source 
(often a vector from a DMA or interrupt source), respectively, 
the three-state sources can drive the D inputs without further 
logic. 


Several inputs (see Functional Pin Description), can modify 
instruction execution. The combination CC HIGH and CCEN 
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BLOCK DIAGRAM 


: 
= | 
= | ro 
rue 


fa: 


> MICROPROGR 
COUNTER- 
REGISTER 

uPC 


INCREMENTER 


BDR02320 


LOW is used as a test in 9 of the 16 instructions. RLD, when 
LOW, causes the D input to be loaded into the register/ 
counter, overriding any HOLD or DEC operation specified in 
the instruction. OE, normally LOW, may be forced HIGH to 
remove the Am2910A Y outputs from a three-state bus. 


The stack, a nine-word last-in, first-out 12-bit memory, has a 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during 
instruction 0 (RESET), which makes the stack empty by 
resetting the SP to zero. After a RESET, and whenever else 
the stack is empty, the contents of the top of stack are 
undefined until a PUSH occurs. Any POPs performed while the 
stack is empty put undefined data on the F outputs and leave 
the stack pointer at zero. 


Any time the stack is full (nine more PUSHes than POPs have 
occurred since the stack was last empty), the FULL warning 
output occurs. This signal first appears on the microcycle after 
a ninth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried, information within the stack will be 
overwritten and lost. 
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Am2910A 


TABLE OF INSTRUCTIONS 


Note 1: If CCEN =L and CC =H, hold; else load. 


THE Am2910A INSTRUCTION SET 


The Am2910A provides 16 instructions which select the 
address of the next microinstruction to be executed. Four of 
the instructions are unconditional — their effect depends only 
on the instruction. Ten of the instructions have an effect which 
is partially controlled by external, data-dependent condition. 
Three of the instructions have an effect which is partially 
controlled by the contents of the internal register/counter. In 
this discussion it is assumed the C; is tied HIGH. 


In the ten conditional instructions, the result of the data- 
dependent test is applied to CC. If the CC input is LOW, the 
test is considered to have been passed, and the action 
specified in the name occurs; otherwise, the test has failed 
and an alternate (often simply the execution of the next 
sequential microinstruction) occurs. Testing of CC may be 
disabled for a specific microinstruction by setting CCEN HIGH, 
which unconditionally forces the action specified in the name; 
that is, it forces a pass. Other ways of using CCEN include (1) 
tying it HIGH, which is useful if no microinstruction is data- 
dependent; (2) tying it LOW if data-dependent instructions are 
never forced unconditionally; or (3) tying to the source of 
Am2910A instruction bit Io, which leaves instructions 4, 6 and 
10 as data-dependent but makes others unconditional. All of 
these tricks save one bit of microcode width. 


The effect of three instructions depends on the contents of the 
register/counter. Unless the counter holds a value of zero, it is 
decremented; if it does hold zero, it is held and a different 
microprogram next address is selected. These instructions are 
useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by the external 
condition code and the internal register/counter. 


Perhaps the best technique for understanding the Am2910A is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
instructions, examples of all 16 instructions are included. 


H=HIGH 


CCEN =L and CC=H CCEN =H or CC=L 
REG/ 

CNTR | ENABLE 
es ES ES a a 
A A a Oc 
[2 | aa wr ef Or 
[3 | ese Jeon umpc xP eco «df | oD _—=« HUD 
[a | push Jpuswcono to onTA | x [pc | pusw | Po_| PUSH [Now s| PL_| 
5 | eer om eRe] A Leno] PO] 

[6] ow Joona sume vector |x [pc | How | D | HOLD [HOLD| veCT 
[7 pane Jeonb vue ver [x JR | wow | o | woo —‘| HOw 
Te | ror _[perear soon Pett e ioe | eo mee eo 
CNTR 0 a eee ee 

fae ei. * ae oe es See 
Po | wre fperear nono | “P| pe} — pout 
0 | enn JOOND RIN ee od YP * oD 
[a1 | eupPJoono sump PL & POP] x [pc] How +| bp | PoP [HOLD 
Pa [ une ]Lb ont @ CONTINUE | x [pc] How «| po] HOD ——*uon mL 
[1a | boor rest end coop—f x | F | wood po] POP —«dt HOLD 
1a cont foontinue x eo ef OD‘ HOLD 
pwd We oe | ee 

Ce wee 


X = Don't Care 


The examples given should be interpreted in the following 
manner: The intent is to show microprogram flow as various 
microprogram memory words are executed. For example, the 
CONTINUE instruction, instruction number 14, simply means 
that the contents of microprogram memory word 50 are 
executed, then the contents of word 51 are executed. This is 
followed by the contents of microprogram memory word 52 
and the contents of microprogram memory word 53. The 
microprogram addresses used in the examples were arbitrarily 
chosen and have no meaning other than to show instruction 
flow. The exception to this is the first example, JUMP ZERO, 
which forces the microprogram location counter to address 
ZERO. Each dot refers to the time that the contents of the 
microprogram memory word is in the pipeline register. While 
no special symbology is used for the conditional instructions, 
the text to follow will explain what the conditional choices are 
in each example. 


It might be appropriate at this time to mention that AMD has a 
microprogram assembler called AMDASM, which has the 
capability of using the Am2910A instructions in symbolic 
representation. AMDASM's Am2910A instruction symbolics 
(or mnemonics) are given in the examples, and again in the 
Table of Instructions. 


0 JUMP ZERO (JZ) 


PFROO830 


Instruction 0, JZ (JUMP to ZERO, or RESET) unconditionally 
specifies that the address of the next microinstruction is zero. 
Many designs use this feature for power-up sequences and 
provide the power-up firmware beginning at microprogram 
memory word location 0. 
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1 COND JSB PL (CJS) 


50 STACK 
51 
52 90 
53 91 
54 92 
55 93 
PFRO0950 


Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE via 
the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the 
_ pipeline register, the next address control function is the 
CONDITIONAL JUMP-TO-SUBROUTINE. Here, if the test is 
passed, the next instruction executed will be the contents of 
microprogram memory location 90. If the test has failed, the 
JUMP-TO-SUBROUTINE will not be executed; the contents of 
microprogram memory location 53 will be executed instead. 
Thus, the CONDITIONAL JUMP-TO-SUBROUTINE instruction 
at location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST input is such 
that location 90 is selected, value 53 will be pushed onto the 
internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. In 
this example, the subroutine was completed at location 93 and 
a RETURN-FROM-SUBROUTINE would be found at location 
93. 


2 JUMP MAP (JMAP) 


50 
51 
52 
53 90 
91 
PFROO960 


Instruction 2 is the JUMP MAP instruction. This is an uncondi- 
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by the 
address supplied via the mapping PROMs. Normally, the 
JUMP MAP instruction is used at the end of the instruction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructions at locations 50, 51, 52 and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map function would be contained in the pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an unconditional jump to microprogram 
memory address 90 is performed. 
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3 COND JUMP PL (CUP) 


50 
51 
52 
53 
54 30 
31 
PFRO0820 


Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
branch address from the pipeline register branch address 
value (BRo — BR). This instruction provides a technique for 
branching to various microprogram sequences depending 
upon the test condition inputs. Quite often, state machines are 
designed which simply execute tests on various inputs waiting 
for the condition to come true. When the true condition is 
reached, the machine then branches and executes a set of 
microinstructions to perform some function. This usually has 
the effect of resetting the input being tested until some point in 
the future. The example shows the conditional jump via the 
pipeline register address at location 52. When the contents of 
microprogram memory word 52 are in the pipeline register, the 
next address will be either location 53 or location 30 in this 
example. If the test is passed, the value currently in the 
pipeline register (30) will be selected. If the test fails, the next 
address selected will be contained in the microprogram 
counter which, in this example, is 53. 


4 PUSH/COND LD CNTR (PUSH) 


4 STACK 

54 

52 REGISTER/ 

53 COUNTER 
PFRO0840 


Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER 
instruction and is used primarily for setting up loops in 
microprogram firmware. In this example, when instruction 52 is 
in the pipeline register, a PUSH will be made onto the stack 
and the counter will be loaded based on the condition. When a 
PUSH occurs, the value pushed is always the next sequential 
instruction address. In this case, the address is 53. If the test 
fails, the counter is not loaded; if it is passed, the counter is 
loaded with the value contained in the pipeline register branch 
address field. Thus, a single microinstruction can be used to 
set up a loop to be executed a specific number of times. 
Instruction 8 will describe how to use the pushed value and the 
register/counter for looping. 
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5 COND JSB R/PL (JSRP) 


PFROO940 


Instruction 5 is a CONDITIONAL JUMP-TO-SUBROUTINE via 
the register/counter of the contents of the PIPELINE register. 
A PUSH is always performed and one of two subroutines 
executed. In this example, either the subroutine beginning at 
address 80 or the subroutine beginning at address 90 will be 
performed. A RETURN-FROM-SUBROUTINE (instruction 
number 10) returns the microprogram flow to address 55. In 
order for this microinstruction control sequence to operate 
correctly, both the next address fields of instruction 53 and the 
next address fields of instruction 54 would have to contain the 
proper value. Let's assume that the branch address fields of 
instruction 53 contain the value 90 so that it will be in the 


- Am2910A register/counter when the contents of address 54 


are in the pipeline register. This requires that the instruction at 
address 53 load the register/counter. Now, during the execu- 
tion of instruction 5 (at address 54), if the test failed, the 
contents of the register (value = 90) will select the address of 
the next microinstruction. If the test input passes, the pipeline 
register contents (value = 80) will determine the address of 
the next microinstruction. Therefore, this instruction provides 
the ability to select one of two subroutines to be executed 


_ based on a test condition. . 


6 COND JUMP VECTOR (CJV) 


50 

51 

52 

53 20 

54 21 
PFRO0920 


instruction 6 is a CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. In order for this 
instruction to be useful, the Am2910A output VECT is used to 
control a three-state control input of a register, buffer, or 
PROM containing the next microprogram address. This in- 
struction provides one technique for performing interrupt type 
branching at the microprogram level. Since this instruction is 
conditional, a pass causes the next address to be taken from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example, if the 
CONDITIONAL JUMP VECTOR instruction is contained at 
location 52, execution will continue at vector address 20 if the 
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CC input is LOW and the microinstruction at address 53 will be 
executed if the CC input is HIGH. 


7 COND JUMP R/PL (JRP) 


50 
51 
52 
53 
70 80 
71 81 
PFROO930 


Instruction 7 is a CONDITIONAL JUMP via the contents of the 
Am2910A REGISTER/COUNTER or the contents of the 
PIPELINE register. This instruction is very similar to instruction 
5: the CONDITIONAL JUMP-TO-SUBROUTINE via R or PL. 
The major difference between instruction 5 and instruction 7 is 
that no push onto the stack is performed with 7. The example 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the contents of 
address 52 is being executed. As the contents of address 53 is 
clocked into the pipeline register, the value 70 is loaded into 
the register/counter in the Am2910A. The value 80 is available 
when the contents of address 53 is in the pipeline register. 
Thus, control is transferred to either address 70 or address 80 
depending on the test condition. 


8 REPEAT LOOP, CNTR +0 (RFCT) 


STACK 
(PUSH) 
50 
REGISTER/ 
51 COUNTER 
52 
53 
54 
55 
PFRO0910 


instruction 8 is the REPEAT LOOP, COUNTER # ZERO 
instruction. This microinstruction makes use of the decrement- 
ing capability of the register/counter. To be useful, some 
previous instruction, such as 4, must have loaded a count 
value into the register/counter. This instruction checks to see 
whether the register/counter contains a non-zero value. If so, 
the register/counter is decremented, and the address of the 
next microinstruction is taken from the top of the stack. If the 
register/counter contains zero, the loop exit condition is 
occurring; control falls through to the next sequential microin- 
struction by selecting uPC; the stack is POP'd by decrement- 
ing the stack pointer, but the contents of the top of the stack 
are thrown away. 


In this example, location 50 most likely would contain a PUSH/ 
CONDITIONAL LOAD COUNTER instruction which would 
have caused address 51 to be PUSHed on the stack and the 
counter to be loaded with the proper value for looping the 
desired number of times. 


In this example, since the loop test is made at the end of the 
instructions to be repeated (microaddress 54), the proper 
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value to be loaded by the instructions at address 50 is one 
_ less than the desired number of passes through the loop. This 
method allows a loop to be executed 1 to 4096 times. If it is 
desired to execute the loop from 0 to 4095 times, the firmware 
should be written to make the loop exit test immediately after 
loop entry. 


Single-microinstruction loops provide a highly efficient capabil- 
ity for executing a specific microinstruction a fixed number of 
times. Examples include fixed rotates, byte swap, fixed point 
multiply, and fixed point divide. 


9 REPEAT PL, CNTR +0 (RPCT) 


COUNTER 
50 (LOCT) 
51 
52 
53 
PFROO890 


Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT- 
ER # ZERO instruction. This instruction is similar to instruction 
8 except that the branch address now comes from the pipeline 
register rather than the file. In some cases, this instruction may 
be thought of as a one-word file extension; that is, by using 
this instruction, a loop with the counter can still be performed 
when subroutines are nested nine deep. This instruction's 
operation is very similar to that of instruction 8. The differ- 
ences are that on this instruction, a failed test condition 
causes the source of the next microinstruction address to be 
the D inputs; and, when the test condition is passed, this 
instruction does not perform a POP because the stack is not 
being used. 


In this example, the REPEAT PIPELINE, COUNTER # ZERO 
instruction is instruction 52 and is shown as a single microin- 
struction loop. The address in the pipeline register would be 
52. Instruction 51 in this example could be the LOAD 
COUNTER AND CONTINUE instruction (number 12). While 
the example shows a single microinstruction loop, by simply 
changing the address in a pipeline register, multi-instruction 
loops can be performed in this manner for a fixed number of 
times as determined by the counter. 


10 COND RETURN (CRTN) 


STACK 
50 
51 90 
52 91 
53 92 
54 93 
55 94 
95 
96 
97 
PFROOS00 


Instruction 10 is the conditional RETURN-FROM-SUBROU- 
TINE instruction. As the name implies, this instruction is used 
to branch from the subroutine back to the next microinstruc- 
tion address following the subroutine call. Since this instruc- 
tion is conditional, the return is performed only if the test is 
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passed. If the test is failed, the next sequential microinstruc- 
tion is performed. This example depicts the use of the 
conditional RETURN-FROM-SUBROUTINE instruction in both 
the conditional and the unconditional modes. This example 
first shows a JUMP-TO-SUBROUTINE at instruction location 
52 where control is transferred to location 90. At location 93, a 
conditional RETURN-FROM-SUBROUTINE instruction is per- 
formed. If the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the test is failed, the next microinstruction at address 94 will be 
executed. The program will continue to address 97 where the 
subroutine is complete. To perform an unconditional RE- 
TURN-FROM-SUBROUTINE, the conditional RETURN- 
FROM-SUBROUTINE instruction is executed unconditionally; 
the microinstruction at address 97 is programmed to force 
CCEN HIGH, disabling the test and the forced PASS causes 
an unconditional return. 


11 COND JUMP PL & POP (CJPP) 


PFROO850 


Instruction 11 is the CONDITIONAL JUMP PIPELINE register 
address and POP stack instruction. This instruction provides 
another technique for loop termination and stack mainte- 
nance. The example shows a loop being performed from 
address 55 back to address 51. The instructions at locations 
52, 53, and 54 are all conditional JUMP and POP instructions. 
At address 52, if the CC input is LOW, a branch will be made to 
address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the instruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 90 or 54 will be subse- 
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELINE and POP instruction, is very 
useful when several inputs are being tested and the micropro- 
gram is looping waiting for any of the inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump-table programming technique 
at the firmware level. 


12 LD CNTR & CONTINUE (LDCT) 


50 COUNTER 
51 
52 
53 
PFRO0870 


Instruction 12 is the LOAD COUNTER AND CONTINUE 
instruction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally 
connected to the pipeline branch address field which (in the 
architecture being described here) serves to supply either a 
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branch address or a counter value depending upon the 
microinstruction being executed. Altogether there are three 
ways of loading the counter - the explicit load by this 
instruction 12; the conditional load included as part of instruc- 
tion 4; and the use of RLD input along with any instruction. The 
use of RLD with any instruction overrides any counting or 
decrementation specified in the instruction, calling for a load 
instead. Its use provides additional microinstruction power, at 
the expense of one bit of microinstruction width. This instruc- 
tion 12 is exactly equivalent to the combination of instruction 
14 and RLD LOW. Its purpose is to provide a simple capability 
to load the register/counter in those implementations which 
do not provide microprogrammed control for RLD. 


13 TEST END LOOP (LOOP) 


STACK 
(PUSH) 


PFROO860 


Instruction 13 is the TEST END-OF-LOOP instruction, which 
provides the capability of conditionally exiting a loop at the 
bottom; that is, this is a conditional instruction that will cause 
the microprogram to loop, via the file, if the test is failed else to 
continue to the next sequential instruction. The example 
shows the TEST END-OF-LOOP microinstruction at address 
56. If the test fails, the microprogram will branch to address 
52. Address 52 is on the stack because a PUSH instruction 
had been executed at address 51. If the test is passed at 
instruction 56, the loop is terminated and the next sequential 
microinstruction at address 57 is executed, which also causes 
the stack to be POP'd; thus, accomplishing the required stack 
maintenance. 


14 CONTINUE (CONT) 


PFROO880 


Instruction 14 is the CONTINUE instruction, which simply 
causes the microprogram counter to increment so that the 
next sequential microinstruction is executed. This is the 
simplest microinstruction of all and should be the default 
instruction which the firmware requests whenever there is 
nothing better to do. 
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15 THREE-WAY BRANCH (TWB) 


STACK 
(PUSH) 


REGISTER/ 
COUNTER 


72 
73 


PFRO0810 


Instruction 15, THREE-WAY BRANCH, is the most complex. It 
provides for testing of both a data-dependent condition and 
the counter during one microinstruction and provides for 
selecting among one of three microinstruction addresses as 
the next microinstruction to be performed. Like instruction 8, a 
previous instruction will have loaded a count into the register/ 
counter while pushing a microbranch address onto the stack. 
Instruction 15 performs a decrement-and-branch-until-zero 
function similar to instruction 8. The next address is taken from 
the top of the stack until the count reaches zero; then the next 
address comes from the pipeline register. The above action 
continues as long as the test condition fails. If at any execution 
of instruction 15 the test condition is passed, no branch is 
taken; the microprogram counter register furnishes the next 
address. When the loop is ended, either by the count 
becoming zero, or by passing the conditional test, the stack is 
POP'd by decrementing the stack pointer, since interest in the 
value contained at the top of the stack is then complete. 


The application of instruction 15 can enhance performance of 
a variety of machine-level instructions. For instance, (1) a 
memory search instruction to be terminated either by finding a 
desired memory content or by reaching the search limit; (2) 
variable-field-length arithmetic terminated early upon finding 
that the content of the portion of the field still unprocessed is 
all zeroes; (3) key search in a disc controller processing 
variable length records; (4) normalization of a floating point 
number. 


As one example, consider the case of a memory search 
instruction. As shown, the instruction at microprogram address 
63 can be instruction 4 (PUSH), which will push the value 64 
onto the microprogram stack and load the number N, which is 
one less than the number of memory locations to be searched 
before giving up. Location 64 contains a microinstruction 
which fetches the next operand from the memory area to be 
searched and compares it with the search key. Location 65 
contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micropro- 
gram control. If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address. When the count becomes zero, the microprogram 
branches to location 72, which does whatever is necessary if 
no match is found. If a match occurs on any execution of the 
THREE-WAY BRANCH at location 65, control falls through to 
location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP'd 
once, removing the value 64 from the top of the stack. 
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One Level Pipeline Based (Recommended) 


MAP © 


STATUS 
REGISTER 


PFOO0990 


Figure 1. 


One level pipeline provides better speed than most other architectures. The wProgram Memory and the 
Am2901 array are in parallel speed paths instead of in series. This is the recommended architecture for 
Am2900 designs. 
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Typical CCU Cycle Timing Waveforms 


98ns CYCLE TIME 


(CLOCK TO REGISTER OUTPUT) 


(MUX SELECT TO OUTPUT) 


\AAAAAAAAAA/ ¥ 
WI, 
XXX 
PARSE \ 


YVYVVVY VY YY AAAAAAAAA/? 9 
RRR, 
ratatataralelee elataterele le ieletelatateay’ 
[PRO ON \ 


PROM ACCESS TIME 


j——————— 35ns 
AAR XK KKK KKK KKK 
\, 


This drawing shows the timing relationships in the CCU illustrated above. 
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Figure 2. 
a. Instruction Based 


MAP 


PF001001 


A Register at the Microprogram Memory output contains 
the microinstruction being executed. The microprogram 
memory and Am2901C delay are in series. Conditional 
branches are executed on same cycle as the ALU 
operation generating the condition. 


c. Data Based 


STATUS 
REGISTER 


PFO01021 


The Status Register provides conditional Branch control 
based on results of previous ALU cycle. The Microprogram 
Memory and Am2901C are in series in the critical paths. 


OTHER ARCHITECTURES USING THE Am2910A 
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b. Addressed Based 


MAP 


PFO01011 


The Register at the Am2910A output contains the address 
of the microinstruction being executed. The Microprogram 
Memory and Am2901C are in series in the critical path. 
This architecture provides about the same speed as the 
Instruction based architecture, but requires fewer register 
bits, since only the address (typically 10 - 12 bits) is 
stored instead of the instruction (typically 40 - 60 bits). 


d. Two Level Pipeline Based 


MAP 


STATUS 
REGISTER 


PF001051 


Two level pipeline provides highest possible speed. It is 
more difficult to program because the selection of a 
microinstruction occurs two instructions ahead of its 
execution. 
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The following gives one suggested parts configuration to meet 
this design criterion. 


Am2910A HIGH SPEED APPLICATION 
Optimal Am2910A configurations can support high speed bit 


slice designs. When used with high speed registers and . Status Register Am29825 
PROMs, the Am2910A can execute simple instructions in MUX (8 to 1) 74S151 
100ns. PROM Am27S35 
The following figure illustrates the usual critical path in the Pipeline Register Am2918 
sequencer. 


Timing on the critical paths becomes 


pees ame ell 


Status Register Clock ~ Output 
Fast MUX Select ~ Output 
Am2910A CO=¥. 

Fast PROM Addr ~ Output 
Pipeline Register Setup 


One Level Pipeline Based 
(Recommended) 


MAP 


Figure 3. 
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Am2910A 


ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ...............cceeeeeeee -65°C to + 150°C 


OPERATING RANGES 


Commercial (C) Devices 


Case Temperature with Power Applied ..-55°C to + 125°C FRPIOICUNG oo eae ics ca vena ls ceccsavepensens 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage(Vcoc) tO ...........eeeee +4.75V to +5.25V 
COTE ooo pane ckn's sacs ves tensaaresesrs a -0.5V to +7.0V = 

DC Voltage Applied to Outputs For iON DENices * ° 

“High Outout Stat 0.5V to +V TUVIIDORBUNG | 4. f 055s conte sis sdasisssaeevos -55°C to +125°C 

ne : ee oe ewe. alba ema Rs pa tee ay Supply Voltage(Voc) ..........eceeeeeeeeeees +4.5V to +5.5V 
Lids Be. acetal sas date aOR Bes ae Operating ranges define those limits over which the function- 

DC Output Current, Into Outputs (Except Bus)........ 30mA ality of the device is guaranteed 

oe AVILA © AEN hes ob ac ous yaw cx toads ane vane -30 to +5.0mA i 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 1) 


MOH. 4 Output HIGH Voltage Voc = MIN, loy =-1.6mA, Vin = Vin or Vit 
a Yo-11, lo. = 12mA 
a Output LOW Voltage Vcc = MIN 


Vin = Vin or Vi} PL, VECT, MAP, FULL, Io, = 8mA 
Input HIGH Level (Note 4) 


VOH 

VOL 

VIH Guaranteed input logical HIGH voltage for all inputs 
Input LOW Level (Note 4) Guaranteed input logical LOW voltage for all inputs 
Input Clamp Voltage Voc = MIN, lin = -18mA 

log, OE,RLD 


ot | can't aes 
(Note 2) 


Voc = MAX, Vin = 0.5V 


3 
> 


CCEN 


i ete eee 
[C1 CCEN 
ae ee SE a 
2 aes 


Voc = MAX, Vin = 2.7V 


loZL 


Voc = MAX, Vin = 5.5V 


Power Supply Current 


Nie 
Output Short Circuit Current 
Isc Mma Voc = MAX 
loc voor BAK To=-55 to + 125°C 
Am2910ADM, FM To = + 125°C 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Input LOW Current 
cc 
CP 
C1, 
cc 
VouT = 0.5V 

Output OFF Current Voc = MAX, OE = 2.4V Vour= 24V 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not 


It Input HIGH Current 
Ta =0 to +70°C 
Am2910APC, DC Ta =+70°C 
Typical limits are at Voc = 5.0V, 25°C ambient and a maximum loading. 
functionally tested). 


> ON 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vi, 
or Vip until the noise has settled. AMD recommends using 
Vit SOV and Vip 2 3V for AC tests. 


Notes on Testing 


1. Insure the part is adequately decoupled at the test head. 
Large changes in supply current when the device switches 
may cause function failures due to Vcc changes. 


. Do not leave inputs floating during any tests, as they may 


oscillate at high frequency. 5. To simplify failure analysis, programs should be designed to 


perform DC, Function and AC tests as three distinct groups 


.Do not attempt to perform threshold tests at high speed. of tests. 


Following an input transition, ground current may change by 
as much as 400mA in 5 - 8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 
hundreds of millivolts momentarily. 


6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide actual 
Sentry programs, under license from Sentry. 
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SWITCHING TEST CIRCUIT 
THREE-STATE OUTPUTS NORMAL OUTPUTS 


volrecuy 


Voc 
S; os 
Vout o—o 
Ro CL 
TCRO1370 
TCRO1350 

2.4V 
= i age 

OH 

5.0 - Vee - VoL 5.0 - Vee - VoL 
VS a + Nek 2 Any + VeuiRa 


Notes: 1. Ci = 50pF includes scope probe, wiring and stray capacities without device in test fixture. 
2. S1, Se, Sg are closed during function tests and all AC tests except output enable tests. 
3. Sy and S3 are closed while So is open for tpz}, test. 
S; and So are closed while Sg is open for tpz, test. 
4. Ci =5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2910A 
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Am2910A SWITCHING CHARACTERISTICS 


The tables below define the Am2910A switching characteristics. Tables A are set up and hold times relative 
to the clock LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. 


_All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns. All outputs have 


maximum DC loading. 


I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL 
OPERATING RANGE Am2910APC, DC 
(Ta =0 to +70°C, Voc = 4.75 to 5.25V, Cy = 50pF) 


A. Set-up and Hold Times B. Combinational Delays 


ee 


ACTERISTICS OVER MILITARY 
MANGE Am2910ADM, FM 
4 125°C, V+ =4.5 to 5.5V, Cy = 50pF) 


B. Combinational Delays 


Minimum Clock LOW Time 


Minimum Clock HIGH Time 
Minimum Clock Period 


Note 1. Enable/Disable. Disable times measured to 0.5V change on output voltage level with Cy = 5.0pF. 
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SWITCHING WAVEFORMS 


> 
3 
x) 
ne 
=) 
> 


3.0V 


INPUTS RRR, WR 
OK RY ERR 1.5V 1.5V ROQXXXXX) 
a LT RSXXLN LESSENS 


5 state SOY 
OR 
ZEROS ELL R KOK K KY | 


WFRO2990 


RELATED PRODUCTS 


Description 
Am2914 Vectored Interrupt Controller 
Am2918 Pipeline Register 


Am2922 Condition Code MUX 
Am25LS377; Status Register 


Am27S35 Registered PROM 
Am29818 SSR Diagnostics/Pipeline Register 


For applications information, see Chapter Il of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publications. 


~ 
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Am2919 


Quad Register with Dual Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


Four D-type flip-flops 

Two sets of three-state outputs 
Polarity control on one set of outputs 
Buffered common clock enable 


®@ Buffered common asynchronous clear 
@ Separate buffered common output enable for each set 
of outputs 


GENERAL DESCRIPTION 


The Am2919 consists of four D-type flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements of the D inputs is 
transferred to the flip-flop outputs on the LOW-to-HIGH 
transition of the clock. Data on the Q outputs of the flip- 
flops is enabled at the three-state outputs when the output 
control (OE) input is LOW. When the appropriate OE input 
is HIGH, the outputs are in the high impedance state. Two 
independent sets of outputs—W and Y—are provided such 


that the register can simultaneously and independently 
drive two buses. One set of outputs contains a polarity 
control such that the outputs can either be inverting or non- 
inverting. 


The device also features an active LOW asynchronous 
clear. When the clear input is LOW, the Q output of the 
internal flip-flops are forced LOW independent of the other 
inputs. The Am2919 is packaged in a space-saving (0.3- 
inch row spacing) 20-pin package. 


BLOCK DIAGRAM 


cia POL 
CLEAR POLARITY 


OUTPUT ENABLE 


BD002400 


RELATED PRODUCTS 


Am25LS2519 


Am25LS2518 


Quad Register 
Quad D Register 
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CONNECTION DIAGRAM 
Top View 


> 
3 
Nh 
© 
oh 
ef 


¢ 
CD004600 
“F-20 pin configuration identical to D-20, P-20. 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 
is oe 


Do 1 


bi 
ay 


b 
it 
= 


ahs 
it 


= 


«|= 


ar 


DIE SIZE 0.083” x 0.099” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 
DMB 
Temperature (See Operating Range) Am2912 FM, FMB 
C -—Commercial (0°C to + 70°C) LC, LCB, LM, 
M - Military (-55°C to + 125°C) LMB 
Package XC, XM 
D- 20-pin CERDIP 
F - 20-pin flatpak 
L - 20-pin leadiess chip carrier 
P — 20-pin plastic DIP 
X - Dice Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Am2919 B 


L Screening Option 
Blank -— Standard processing 
B - Burn-in 


Device type 
Quad Register 
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PIN DESCRIPTION 


+4. 4G, eo Any of the four D flip-flop data lines. 
16 


Clock Enable. When LOW, the data is entered into the register on the next clock LOW-to-HIGH transition. When 
HIGH, the data in the register remains unchanged, regardless of the data in. 


a Clock Pulse. Data is entered into the register on the LOW-to-HIGH transition. 


Output Enable. When OE is LOW, the register is enabled to the ou oh When HIGH, the output is in the high- 
impedance state. The OE-W controls the W set of outputs, and OE-Y controls the Y set. 


3, 6, 11, ae Any of the four non-inverting three-state output lines. 
14 
2, 5, 12, pipe Any of the four three-state outputs with polarity control. 
15 
oo ee Polarity Control. The Wj outputs will be non-inverting when POL is LOW, and when it is HIGH, the outputs are 
inverting. 


| 19 ~~ ~+|CLR ~—~—~—«|_—I__| Asynchronous Clear. When CLR is LOW, the internal Q flip-flops are reset to LOW. 


GUARANTEED LOADING RULES LOW-POWER SCHOTTKY INPUT/OUTPUT 
OVER OPERATING RANGE (In Unit Loads) CURRENT INTERFACE CONDITIONS 
A Low-Power Schottky TTL Unit Load is defined as DRIVING OUTPUT DRIVEN INPUT 
20yuA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW. 


Output Output 
Pin = Input/ input HIGH LOW 


No.'s Output | Load MIL COM'L MIL COM'L 


oO 


ro w | 
Bg X\= 


| 


@ 


ICO00080 


© 
2) 
6 


Note: Actual current flow direction shown. 


te 


12 


—s 

ao 
—_ i —_ 
° ° 
ae 
1 
ci 
a or x 


sae 
™N 
m 


ee eee’ 
o;1o 
| 
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FUNCTION TABLE 


6lécuy 


internal 


ee eee | Outputs | 
oe Hae cl els 


L Enabled 
Output Three-State Control ~ 
Enabled 


Z 
NC Non-Inverting Nee 


Enabled 
Asynchronous Clear Hi as 
a oe lam 
x L 
L H 
H H 
H L 


aca 
Z 


x< «KK XX 
<< x &< 
ager) neeaise i 
ha Be 


x< &X< 
pi Al oe 
et rags 
ie Ae 


ssea]-r r- 
parade Ee 
C7 re eo 
meofer r 
aaa “os eg 


- 


as 

X H 

L 

Clock Enabled t bi L 
ta L 

t H L 


a 
28 
c 


L=LOW 


H = HIGH 

Z = High Impedance 

NC = No Change 

X = Don't Care 

t = LOW-to-HIGH Transition 


APPLICATION 


DATA BUS 


8 4 
DEST 
INSTRUCTION 


MEMORY 


SOURCE DESTINATION 


AF001850 


The Am2919 provides for easy control of the selection of source and destination register addresses for the 
Am2901. These controls can emanate from both the instruction register and the pipeline register. The 
control is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be 
selected by the B address which is the destination register in the Am2901. Two registers can be selected 
for the Am2901 A input which is a second RAM source. 


The other pair of three-state outputs can be used for function control select as shown with the Am2921. 
Here, bit set, bit clear, bit toggle and bit test on any of the 16 bits can be performed. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ................c ee eeeeee -65°C to + 150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias ....... -55°C to +125°C EE SITSOV EUG co coors «paca sos shuns se waseuees 0°C to +70°C 

Supply Voltage to Ground Potential ) Supely : VONBINO ooicask ci oss ov shaved owaas + 4.75V to +5.25V 
Be EN SESS ates UES eae ene aes er -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For T ° ° 
OIMPOLEUUNS 55 Koi iy hvcisiccee sce eecesveceen -55°C to +125°C 
High Output State .......1....-csssrerees rO.Sy, to + Vice max Subply WONG. sca As nah ons de vases +4.5V to +5.5V 
EMG Ae VOM GO siiia is 655 02k. RdScccvespe evs -0.5V to +7.0V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ............... cece eee 30mA ality of the device is guaranteed. 
BS WIDUM CUNO EG «5. .i 6505 ies te eases -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 2) se Tee Sis | 


MIL, loH =-1.0mMA 
; GEE: Voo = MIN [MI on==1.0maA | 24 [34 
= ViN'= VH OF Vit COM'L, ton==26mA [| 24 [34 | 


jo. = 40mA re 
Voc = MIN, is : 
jou = 12mA pon ee 
Guaranteed input logical HIGH 


: : MIL 0.7 
ee 
input Clamp Volage i t= are ee ee 

aoe mA 


; 

Input LOW Current Voc = MAX, Vin = 0.4V 
Se Input HIGH Current Voc = MAX, Vin = 2.7V 
| «| Input HIGH Current Voc = MAX, Vin = 7.0V. 


Off-State (High-| Vo = 0.4V Cae f RW 
e (High-lmpedance) Vee = MAX ak 
Output Current = pete eee tl) tL 
Output Short Circuit. Current = 
Power Supply Current Ver = MAX Crea S| 
(Note _4) = COM'L]| | 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded: outputs open. 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Voc = 5.0V) 


Description Test Conditions 


| 
‘ , 
2 
‘ 
4 
; 


Parameters 


tPHL 
tPHL 
tPLH 
tPHL 
tPHL 
tPLH 
tPHL 
tPLH 
tPHL 


Clock to Yj 


Clock to Wj 
(Either Polarity) 


TG 


Clear to Yj 


i.e) 
N 


MN 


Clear to Wj 


Polarity to Wj ate 
L= top 


Re = 2.0kQ 


Clear 


WwW 
Clock Pulse Width 


i 


Data 
Data 
Data Enable 
Data Enable 


Set-up Time, Clear 
Recovery (Inactive) to Clock 


Output Enable to W or Y 


Output Enable to W or Y < pe 
Maximum Clock Frequency (Note 1) % a8 ; og 


1 


MN 


Comal -- 
rc 


N 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, ty, 
pulse width or duty cycle. 
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6L6zwWy 


ie 


Am2919 tC] 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 
Am 


bees 

tPLH 

E = 

PLH Clock to Wi eee 

{PHL (Either Polarity) —— 
ae 
roa 
pe 


PR 
-] 
= 
ea) 


tPHL Clear to Yj 


tPLH 
tPHL 
tPLH 


Clear to W; 


Polarity to Wj 
tPHL Cy = 50pF 


= 

ow 

e 
=o 

C10 


= 
me 


Set-up Time, Clear 
Recovery (inactive) to Clock 


Output Enable to Wj or Yj Mofo 
O.=50pF =| 
RL = 2.0kQ ies 
Maximum Clock Frequency (Note 1) set ii a0 4 


*Switching Characteristics’ performance over the operating temperature range is guaranteed by testing defined in Group A, 
Subgroup 9. 


tZL 
tLz 
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Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 


@ Buffered common clock enable input @ 8-bit, high-speed parallel register with positive edge- 
@ Buffered common asynchronous clear input triggered, D-type flip-flops 
@ Three-state outputs 


GENERAL DESCRIPTION 


The Am2920 is an 8-bit register built using advanced Low- When the three-state output enable (OE) input is LOW, the 
Power Schottky technology. The register consists of eight Y outputs are enabled and appear as normal TTL outputs. 
D-type flip-flops with a buffered common clock, a buffered When the output enable (OE) input is HIGH, the Y outputs 
common clock enable, a buffered asynchronous clear are in the high impedance (three-state) condition. This does 
input, and three-state outputs. not affect the internal state of the flip-flop Q output. 


The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 


When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates 
in the normal fashion. 


BLOCK DIAGRAM 


') 0; Dy 


$ i i ; g 5 ; 
mic mca ac i +3 


6 Y7 


BD001310 


CLOCK 
ENABLE 


abt Fp. 


OUTPUT 
ENABLE 


Yo 


RELATED PRODUCTS 


Octal D-type Flip-Flop 


03598A 
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ocecuiy 


Am2920 


CONNECTION DIAGRAM 
Top View 


P-22 


CD001910 


Note: Pin 1 is marked for orientation 
*RESERVED — do not use. 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 


CLR 1 22 Vcc 


Yo 2 21 3E 


= 


in [er 


cy yrac3 
rata Citas 


2 FG 8 FIFO Ne 16 49 D3 8 
LS000720 


ap 
1 Oo 


« 
ty 


4) aa 
ob (MER, 
} 


ae | 

“ . a hy - 
Sa ay 
Aid aw 


DIE SIZE 0.080” x 0.111” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 


Am2920 D Cc B 
L Screening Option 
Blank - Standard processing 


B - Burn-in DMB | 
Temperature (See Operating Range) Am2920 FM, FMB 
C —Commercial (0°C to + 70°C) LC, LCB, LM, 
M —Military (-55°C to + 125°C) LMB 


Package XC, XM 


D- 22-pin CERDIP 
F -— 24-pin flatpak 
L—28-pin leadiess chip carrier 


oo —— ae er Valid Combinations 


Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Octal D-Type Flip-Flop combination you wish. 
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PIN DESCRIPTION 


|_Pin No. [Name | 1/0 | Description 


Di |__| The D flip-flop data inputs. 
ee oat When the clear input is LOW, the Qj outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 


ae data can be entered into the register. 

2 eee SPs Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 

Pe me 
Clock Enable. When the clock enable is LOW, data on the D; input is transferred to the Qj output on the LOW-to- 
HIGH clock transition. When the clock enable is HIGH, the Q; outputs do not change state, regardless of the data 


The register three-state outputs. 
or clock input transitions. 


Output Control. When the OE input is HIGH, the Yj outputs are in the high impedance state. When the OE input is 
LOW, the TRUE register data is present at the Y; outputs. 


GUARANTEED LOADING RULES FUNCTION TABLE 
OVER OPERATING RANGE (in Unit Loads) 


eg ee aie oe 
A —P S k Unit L is defined 

Zhuh mmamned at 27M HIGH and+O2em~ dented lm Sela ETDlee| a fw | 
af OA h Hea Wy Ree] x Po 


Ps 
Z 
Output Output 


Pin _input/ | input HIGH LOW 
No.'s Output | Load MIL COM'L MIL COM'L 


H = HIGH NC = No Change 
L = LOW t = LOW-to-HIGH transition 
X = Don't Care Z = High-impedance 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


'OH | Nie 


IC000090 
Note: Actual current flow direction shown. 
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APPLICATIONS 


16-BIT OATA BUS 


‘Am2920 


} ama7sat | } ama7sat | 
=} et 


PROM ARRAY 


8 
Am25LS273 


56-8iT PIPELINE REGISTER 
AF001940 


A typical Computer Control Unit for a microprogrammed machine. 


ADDRESS 


Am9080A 
DATA 


DATA BUS 


ADDRESS BUS 


8 
ee Tae] Come] ae 
8 


/O DEVICE #1 , 1/0 DEVICE #2 


AF001930 


The Am2920 is a useful device in interfacing with the Am9080A system buses. 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-—55°C to +125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 


-0.5V to +7.0V 


-0.5V to +Vcoc max 
DC Input Voltage -0.5V to +7.0V 


DC Output Current, Into Outputs 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to + 125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


0°C to +70°C 
+4.75V to +5.25V 


DC Input Current ality of the device is guaranteed. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 2) esta ae 


| MIL, lon=-1.0mMA » lon =-1.0MA Bes ee i Se 
VOH Output HIGH Voltage Voc = MIN L, |OH Volts 5 
Vin= Vin or Vu [OOML, lon=-26mA | 24 aa | 
lo. = 4.0mA 


ae O Voc = MIN 

Vo 
utput LOW Voltage : ‘ aan 
Beers laa hg Sage 2 tenon er ea 


voltage for all inputs 


: : MIL 
Guaranteed input logical LOW mS 
Input LOW Level voltage for all inputs 


ihe Meee 
sas wut se 
ee Roe 
input Clamp Voltage _——~|Voc=MNIN=-tOmASSCSSSSSC*dSSSCSC*S 
input LOW Ourent | Voc=MAX WweoavSSSC~dSCSCSC*iCSC‘“‘* 
input HIGH Curent” «4d Voc MAX Wwaenv 
[input HIGH Curent | Voc= MAX, Vi=70V 

mS este 

iar eee 


Off-State (High-impedance) Vo = 0.4V 

Output Current Vo = 2.4V 
Output Short Circuit Current = 
Power Supply Current ‘a 

. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 


. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. All outputs open, E = GND, Dj inputs = CLR OF = 4.5V. Apply momentary ground, then 4.5V to clock input. 
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SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) | 


= Clock to Yj (OE LOW) 


a cer ae 
ee Y 
-— 


Clear Recovery (In-Active) to Clock 


Co ee 


tee Maximum Clock Frequency (Note 1) Pita edit ontop  g 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no contraints on tr, tf, 
pulse width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Description 
tPLH 


Test Conditions 


Daa) 
a 
Enable (E) - 
o, = Sop 
cate © P= 200 
are Clear Recovery (In-Active) to Clock 
” 
a 
ee Ee 


RL = 2.0KQ 


ae, 
a oe Ce en a 
= 


*Switching Characteristics’ performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2921 


One-of-Eight Decoder with Three-State Outputs and Polarity Control | 


@ Three-state decoder outputs 
@ Buffered common output polarity control 
@ Inverting and non-inverting enable inputs 


The Am2921 is a three-line to eight-line decoder/demulti- 
plexer fabricated using advanced Low-Power Schottky 
technology. The decoder has three buffered select inputs 
A, B, and C, which are decoded to one-of-eight Y outputs. 
Two active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. 


A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 


> 


POL 
POLARITY 


OUTPUT OE 
CONTROL dE, 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


5-197 


@ AC parameters specified over operating temperature 
and power supply ranges. 


separate active-LOW output enables (OE) inputs are pro-. 


vided. If either OE input is HIGH, the output is in the high 
impedance (off) state. When the POL input is LOW, the Y 
outputs are active-HIGH and when the POL input is HIGH, 
the Y outputs are active-LOW. 


The device is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. 
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Lc6cwy 


Am2921 


CONNECTION DIAGRAM 
Top View 


CD004710 CD004700 


*F.20 pin configuration identical to D-20, P-20. 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 
METALLIZATION AND PAD LAYOUT 


Yo 1 20 Vcc 
Vu, 2 19 Y3 
nT Tn 1 a Ns —¥ 
¥9'.3 hae ) | ae eA 
Shi WY (FT ie 
Wy es Ly 
Sid bw )s ae eelehae 
OE, 4 ant i Ee 
OE 5 16 Ey 
Oj] O£ A 6 ie 
2 Yo Y; Yo Y3 Y4 Y5 Ye Y7 15 Eo 
B 7 
14 3 
2-218 16 16 8 
a 
eh 
LS001070 Vea La 
] } La) 
Ws. 8 | | hl we 
Yg6..°9 13: -Eg 
GND 10 12. POL 
{ioe 
7 


DIE SIZE 0.081” x 0.096” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2921 D Cc B 
L— Screening Option PC 
Blank - Standard processing DC, DCB, DM, 
B - Burn-in DMB 
Temperature (See Operating Range) Am2921 FM, FMB 


LC, LCB, LM, 


C -—Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 
P—20-pin plastic DIP 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
1-of-8 Decoder combination you wish. 
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| PIN DESCRIPTION 


tele lua vo oem 
[1 [he three select inputs to the decoder/denulipiwer 
[1 |The active LOW enable inputs. A HIGH on either the Ey or Ep input forces al decoded functions to be Gisabied 
[1 The active HIGH enable inpus. A LOW on either E or E inputs forces all the decoded functions tobe inhibited.” 


Polarity Control. A LOW on the polarity control input forces the output to the active-HIGH state while a HIGH on the 
polarity control input forces the Y outputs to the active-LOW state. 


Output Enable. When both the OE; and OE» inputs are LOW 


, the Y outputs are enabled. If either OE; or OE> input 
is HIGH, the Y outputs are in the high impedance state. 


GUARANTEED LOADING RULES LOW-POWER SCHOTTKY INPUT/OUTPUT 
OVER OPERATING RANGE (in Unit Loads) CURRENT INTERFACE CONDITIONS 


A Low-Power Schottky TTL Unit Load is defined as SRiVING OUTPUT 
20uA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW | 


ORIVEN INPUT 


'OH | Ne 
Output Output | 
Pin Input/ | Input HIGH LOW 


No.'s Ouput | Load MIL COM'L MIL COM'L 
fou 


ICO00090 
Note: Actual current flow direction shown. 
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FUNCTION TABLE 


Am2921_ 


| Se i. i Pe sai. ea 
Lae eee tte teieter ee bie eee 


[Lo carreniie HnnnnNnNMnMnnnMnnMnBMEE 
X X X L Xx X L L 2 L. L £ L L 


H 
X 
_ Disable 
Active-HIGH Output 


Active-LOW Output 


ret ter or ee ae ak eee 


SEs cistir cre are ba ee ee Se 


Sec er eOe e eiee eeee C oe ae tee ee 


Cece ce eee Cerri K Kx eX 


TVET CCR LSLLOO oA KR eC 
crite lrextere| Lertrrtriwe| KKK KKK KX 
oa ai 1 ap ees Os ee WR Nga pra eck pee nee pe asin ae PE OM prea Br M8 
Te TLL ere rae eer Lee 
Ter DLT Tie ee ere mh ae 
Tet ELIT CT CLL Ss 
ies Me ipsa aga as pn Ks 6 A Ne pe ell a ae a |S OS et ae SL ot 


Leer Oe eee Eee Cle oe oor le 


ee arts) Ler eee: 


tla CLL oe 


H = HIGH L=LOW X = Don't Care Z =High Impedance 


APPLICATIONS 


FROM 
MICROPROGRAM MEMORY 
EE RE RR 


8 c 


Oo 


ENABLES 


OUTPUT 
CONTROL 


16 BiT DATA BUS 


Am2901 
MICROPROCESSOR 
ARRAY 


DATA 
INPUT 


AF001860 


Two Am2921's can be used to perform a bit set, bit clear, bit toggle or bit test on any of sixteen bits in a microprocessor system. 
Examples of the operations performed are as follows: 


Microprogram Am2901 Bit Function 


Control 16-Bi ro ALU Performed On 
Cc B A 10 Function Selected Register 
BIT SET 


BIT TEST 

BIT CLEAR 
BIT TOGGLE 
BIT TOGGLE 


Note: Bit test is performed using F = 0 output of Am2901. 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Le6cwy 


Storage Temperature ............ PEPPER OY -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias....... -55°C to + 125°C WOMTDOPOUNO oc ccicesscsisc ot ees 0°C to +70°C 
Supply Voltage to Ground Potential SUDDIY VONGGG s<. oi. 6000ckecde cee +4.75V to +5.25V 
Continwess (...20h we... Be. -0.5V to +7.0V ce : 
DC Voltage Applied to Outputs For piiltary-O) Devices Pa ‘. 
TERRPMIEE 0). k accieap eke -55°C to +125°C 
High Output ‘State ;.-.. <2... ccc. -0.5V to +Voc max 
DC Input Voltage -0.5V to +7.0V MONS WOUND os c= soo 2 sega ae cals ees +4.5V to +5.5V 
P ey ae ; é Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs .................ccceceee 30mA ality of the device is guaranteed 
Demet Curent os -30mA to +5.0mA 9 ; 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) 


Voc = MIN IOH = 1.0mA (MIL) 
i i aa Vin = Vi or Vit_| lon=-2.6mA (COM'L) 
lo: = 4.0mA 
Voc = MIN lol = 8.0mA 
= Vin = Vins or Vit ol 
lo. = 12mA 
Input HIGH Level 
L 


Guaranteed input logical HIGH 
voltage for all inputs 
MIL 
Guaranteed input logical LOW ae 
Input LOW Level voltage for all inputs COM'L 


Vo = 0.4V 
Yoo Max 


Off-State (High-impedance) 
Output Current 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should_be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A= B =C =E,; =E 2 =GND: Eg = Eq = POL = OF; = Ob = 4.5V. 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


t 
Ars 
tPHL 
Bo ae ae 

ae Ey, Eo to Yj 
tPHL 

t 
oe ny 
tPHL 


Pe Se 
PtH POL to Y; 
tPHL 


ee 
Md eee oe ey, 


C. = 15pF 


Re = 2.0k2 
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Am2921 


1 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL MILITARY 
3 Am2921 Am2921 

Parameters Description Test Conditions [min | Max | Min | Max 
Sse as ol 
ees Ek UR ital $l 
[oon i a ae eee 
C. = 50pF pf oe 
hes i ct iat Cision RR ol Re Bak 
rose Recs ol 
pe FE ee Ee 


ee 


Cy = 5.0pF 
OE}, OE2 to Yj 
LZ Ry = 2.0kQ 


*Switching Characteristics’ performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


03599B 
5-202 Refer to Page 13-1 for Essential Information on Military Devices 


Am2922 


Eight Input Multiplexer with Control Register 


DISTINCTIVE CHARACTERISTICS 


@ High speed eight-input multiplexer 

@ On-chip Multiplexer Select and Polarity Control Register 

@ Output polarity control for inverting or non-inverting 
output 


@ Three-state output for expansion 

@ Common register enable, asynchronous register clear 

@ AC parameters specified over operating temperature 
and power supply ranges 


GENERAL DESCRIPTION 


The Am2922 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to 
output and is intended for use in high speed computer 
control units or structured state machine designs. 


The Am2922 contains an internal register which holds the 
A, B and C multiplexer select lines as well as the POL 
(Polarity) control bit. When the Register Enable input (RE) 
is LOW, new data is entered into the register on the LOW- 
to-HIGH transition of the clock. When RE is HIGH, the 
register retains its current data. An asynchronous clear 
input (CLR) is used to reset the register to a logic LOW 
level. 


The A, B and C register outputs select one of eight 
multiplexer data inputs. A HIGH on the Polarity Control flip- 


flop output causes a true (non-inverting) multiplexer output, 
and a LOW causes the output to be inverted. In a computer 
control unit, this allows testing of either true or complemen- 
ted flag data at the microprogram sequencer test input. 


An active LOW Multiplexer Enable input (ME) allows the 
selected multiplexer input to be passed to the output. When 
ME is HIGH, the output is determined only by the Polarity 
Control bit. 


The Am2922 also features a three-state Output Enable 
control (OE) for expansion. When OE is LOW, the output is 
enabled. When OE is HIGH, the output is in the high 
impedance state. 


BLOCK DIAGRAM 


a re] iL a @ 
=] CLR 
) ot 


Wid: 


5-203 


BD002410 
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Am2922 


CONNECTION DIAGRAM 
Top View 


CD004610 COODATLO 


Note: Pin 1 is marked for orientation 
F-20 pin configuration identical to D-20, P-20. 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 


5 c 
4 A 


1 #19 18 17 14 13 12 11 2, a 


Op Dy 02 Ds 


a_i 


LS001010 0, 11 al 


i ‘ 


DIE SIZE 0.080" x 0.099” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2922 D Cc B 
L— Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D-20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
8-Input Multiplexer combination you wish. 


Am2922 
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PIN DESCRIPTION 


oc6CwIYy 


| 4,6,5 {A,B,C | 1 | Multiplexer Select Lines. One of eight multiplexer data inputs is selected by the A, B and C register outputs. | 


onc mee Polarity Control Bit. A HIGH register output causes a true (non-inverted) output and a LOW causes the output to be 
inverted. 
Multiplexer Enable. When LOW, it enabled the 8-input multiplexer. When HIGH, the Y output is determined by only 
the Polarity Control bit. 


Register Enable. When LOW, the Multiplexer Select and Polarity Control Register is enabled for loading. When 
HIGH, the register holds its current data. 


| 8  |CLR ~——*+«|_—'t__=‘[ Clear. A LOW asynchronously resets the Multiplexer Select and Poiaitly Control Register. 
i Data Inputs to the 8-input multiplexer. 


Clock Pulse. When RE is LOW, the Multiplexer Select and Polarity Control Register changes state on the LOW-to- 
HIGH transition of CP. 


| 16 -|OE ‘| +1 | Output Enable. When LOW, the output is enabled. When HIGH, the output is in the high impedance state. 


pis YO | The chip output. 


FUNCTION TABLE 


INPUTS INTERNAL INPUTS OUTPUT 
ee Ss GIR_cr | ae ae On Oroe Ee 


2) 


Clear » 4 xX X H L 
{ ae { | | | | aera 
x8 
Reg. Disabl x x x | NC NC NC NC L Di/D; 
eg. Disable (Note 1) 


Select 
(Multiplex) 


RE CL 
, 4 


Note 1: The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop. 


SE ee ae tke 


<i ZDoierertirr|] Kk |e x<xi1ow 
</—ireirrtrir| <« |}¢—x<] > 


b aK (OS RE Sh Fa 4 al a ctl poy 


x< 
Me ir Sor al & ae 


Po 4) (Oo AS es oe ue WT A oe A ony 


Multiplexer 
Disable 
Tri-state 


Output 
Disable 


x< 
x< 
2 i 
x< 
x< x< 
x 
x< 
x OY 


NC = No Change 
X = Don't Care 
H = High 

L = Low 

t = Low-to-High Transition 
Z = High-Impedance 
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Am2922 


INSTRUCTION 


INPUTS 
FROM PIPELINE 
REGISTER 


TEST 
INPUTS 


onvronet wn wz 


APPLICATIONS 


Do dD, 


Am25LS175 
PIPELINE REGISTER 


% 2 4, 
ee ees a Re aa SS 
ies Be OS ee 
Tame | | lth 
ae ee 


Berea 
nate 
eas 
AF001840 
A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 
03600B 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to +125°C 


Storage Temperature 
(Ambient) Temperature Under Bias 


_ OPERATING RANGES 


Commercial (C) Devices 


Temperature 0°C to +70°C 


Supply Voltage to Ground Potential + 4.75V to +5.25V 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 


DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Supply Voltage 


~O0.5V to +7.0V —Afititary- (M)- Devices 


Temperature -55°C to + 125°C 

Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


-0.5V to +Vcoc max 
-0.5V to +5.5V 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 2) te || at 


[Wi lows =20ma ea | sa] 


Voc = MIN 
[vor | ove WH vot Viv= Vin Or Vit [COMI lon=-65mA | 24 | az [| _ Vols 
eee oes Ee eee 
VoL Output LOW Voltage yoru, ~ = 8.0mA Coes eae ee 


Vin = Vin, Or Vit 


7 eee eee ae See 
Guaranteed input a HIGH 

vin | Input HIGH Level voltage for all inputs gieerdamaia 

os ge Guaraniod input ogeai cow PME or 


eee won ee eee | ee 
| Vi __| Input Clamp Voltage Voc = MIN, lin =-18mA ieee 


Voc = MAX, 
Input LOW Current cual Ti ECR RR | TT 
Input HIGH Current Vie" ee CLA 
nput HIGH Curren es eee a 
Input HIGH Current 0G et ee 
. oe eee 


Off-State (High-Impedance) es Vo = 0.4V ieee mene RAS PS 
Output Current Vo=24V ee 
Output Short Circuit Current = 
isc | Weta ae cece 
Power Supply Current rs 
Cay von = Mas 


Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value spholiied under Operating Ranges for the applicable device type. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Dn, A, B, C, POL, ME at Gnd. All other inputs and outputs open. Measured after a momentary ground then 4.5V applied to clock 
input. 
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5-207 


cCOTWIY 


iT] 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


Description Test Conditions | Min | Typ | Max | Units _ 


Bae a eg 

C PO 
et igen: | 18 | oak 
eee ee | sivas) of Weigh A Seat 
PM ees | ee fee Ee ce ee 


tPLH D, to Y Biases Sts aac Sas 
tPLH re Cl = 15pF Pi ee eee ee 
IPH Rl = 20k GOMES BSc SEs 
tPLH to Y Was daa hse zach C\SaL eas 


tPHL 


QO 


<i 


= 5.0pF ee 
R= 20K a 


A, B, C, POL 


is ae oepeee | ie Gan oa 
ie. | era 
Fs hee 


i aes 
— 
ao 
fae 
Pea. 
ME 

a 
eer 
. Seen ae ee 
ae 

UY eS 

oe Ges eRe 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL MILITARY 
Am2922 Am2922 
Parameters Description Test Conditions as 


ta Clock to Y POL-LOW 

a RR SS ess 

a es Clock to Y POL-HIGH 

ae ee ea 

Pag bee 

oc -CLR to Y 

ae ae Sas Ri = 2.0k2 
WE to Y 

oo 


ee ee eee 
See BG, 
_— 
OE to Y OL = 5.0pF 
—— Ri = 2. Ok2 
Sree 


RL = 2.0k0 
Clear (LOW) 
eee BE 


“Switching Characteristics’ performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT 


1C000381 


Note: Actual current flow direction shown. 


RELATED PRODUCTS 


Description 


Am25LS2535 | 8-Input Multiplexer 
Am2923 8-Input Multiplexer 
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ND 
© 
< 
NY) 


Am2923 


Eight-Input Multiplexer 


Am2923 


DISTINCTIVE CHARACTERISTICS 


@ Advanced Schottky technology @ Switches one of eight inputs to two complementary 
@ 3-state output for bus organized systems outputs 


GENERAL DESCRIPTION 


The Am2923 is an 8-input multiplexer that switches one of The Am2923 features a 3-state output for data bus organi- 

eight inputs onto the inverting and non-inverting outputs zation. The active-LOW strobe, or ‘output control’, applies 

under the control of a 3-bit select code. The inverting to both the inverting and non-inverting output. When the 

output is one gate delay faster than the non-inverting output control is HIGH, the outputs are in the high- 

output. impedance state. When the output control is LOW, the 
active pull-up output is enabled. 


BLOCK DIAGRAM 


8 Input MUX with Register Control 
8 Input MUX with Register Control 


03601B 
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CONNECTION DIAGRAM 
Top View 


P-16 L-20-1 


> 
3 
N 
© 
N 
x) 


CD004530 CD004540 


Note: Pin 1 is marked for orientation 
*F-16 pin configuration identical to D-16, P-16. 


METALLIZATION AND PAD LAYOUT 


DIE SIZE: 0.064” x 0.067” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am2923 D Cc 


L— Screening Option 
Blank - Standard processing 
B - Burn-in 


Am2923 


Temperature (See Operating Range) 
C -—-Commercial (0°C ta +70°C) 
M —- Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 

F—16-pin flatpak 

L-20-pin leadless chip carrier 
P—16-pin plastic DIP 

X- Dice 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Device type 
8-Input Multiplexer 
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Am2923 


PIN DESCRIPTION 


Description 


The three select inputs of the multiplexer. 


ae The eight data inputs of the multiplexer. 


The true multiplexer output. 
The complement multiplexer output. 


Output Control. HIGH on the output control (or strobe) forces both the W and Y outputs to the high-impedance (off) 
state. 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


Fan-out 


input/ input Output Output 
Output Pin No.'s Unit Load HIGH LOW 


SELECT 


Output Control 


oe ae Ci 
Sas hecho eee 

. oe Lh hie 
"Wade amis pealll coi’ Fe wee 4 ame pe? OE | 


H = HIGH X = Don't Care 

L = LOW Z = High Impedance 

Do-D7 = The output will follow the HIGH-level or LOW- 
level of the selected input. 

Do-B7 = The output will follow the complement of the 

HIGH-level or LOW-level of the selected input. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


A Schottky TTL Unit Load is defined as 50yuA 
measured at 2.7V HIGH and -—2.0mA measured at 
0.5V LOW. 


1C000370 
Note: Actual current flow direction shown. 
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APPLICATIONS 
LOGIC FUNCTION GENERATION 


AF002060 


Z = ABCD + ABCD + ACD + AB + ACD + BCD 


32-INPUT MULTIPLEXER 


ue 


LS/74LS139 
| 4 


1/2 OF 
< 


Am&4 
al 


09 01 07 03 D4 Og Og 07 Do 0; 02 03 Og Og 0g 07 Op 0; 02 03 04 Os 0g 07 
A 


8 mi 8 Am292 
‘ S-INPUT MULTIPLEXER es 8-INPUT MULTIPLEXER 


MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 


Do 0; O27 03 04 Og Og 07 


Am2923 


8-INPUT MULTIPLEXER 


a 


Ww Y 
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Am2923 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature .................0ceeeees -65°C to + 150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias....... -55°C to + 125°C ROUIOLGUND ceevcee i tects itschis}oscckcedipeens 0°C to +70°C 

Supply Voltage to Ground Potential Bly VONRIE «. ..-cbercesybcughscseones +4.75V to +5.25V 
(Pin 16 to Pin 8) Continuous............... -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For T ° ° 
NMITEUIEG: 5. 5 ccna dnc decks ae Veeee sas -55°C to +125°C 
Sy hls ope ee OSV ee Sicoty MONBOIG igi di sissscancekstan basses +4.5V to +5.5V 
PIR WENO os vg Sed sav oy scl ys 4 ¢ 00s 0 -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ................ cee eee ee es 30mA ality of the device is guaranteed 
Be ADU CUEGI Gico oscc2 ss a sceeki wenees -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 1) Stes (Note 2) Sins wad 
MIL, lon = -2mA E23 
Voc = MIN, [MIL loH=-2mA 
wooo el Vin = Viti OF Vit COM'L, IoH= -6.5mA_| 2.4 | 
= MIN, = 20 

Guaranteed input logical HIGH 

Guaranteed input logical LOW 
eae 
a 


Input Clamp Voltage Voc = MIN, lin = -—18mA 


Unit Load ES ee 
(Note 3) Input LOW Current Voc = MAX, Vin = 0.5 
Unit Load 
ibaa! | Input HIGH Current Voc = MAX, Vin = 2.7 


Input HIGH Current Voc = MAX, Vin = 5.5V 
loloff) Off-State (High-impedence) Voc = MAX, Vo = 2.4V 
O Output Current Vin = Vin, or Vit Vo = 0.5V 
isc rece ies Circuit Current Voc = MAX Vout = 0.0V 


toe. _ Power Supp Curent. | Vo MAX (Now 5) ae em 


1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Icc is measured with all outputs open and all inputs at 4.5V. 


SWITCHING CHARACTERISTICS (Ta = 25°C) 


tPLH 

A, B, or C to Y; 4 Levels of Delay 
tPHL 
tPLH ee 

A, B, or C to W; 3 Levels of Delay 
tPHL 


a 


Rees te Rance e Bee c 
tlre cscs ees Seen eet AS Ee CS 
t Any D to Y 
oe Pe as a es Re ee 


tPLH oss 
t Any D to W 

Output Enable to Y 
ee | 
' Output Enable to W 
Output Enable to Y 

LZ 

Fee eae Enable to W 


Voc = 5.0V, Ry = 2802, C, = 15pF 


Bee OSS Ue ds 


Voc = 5.0V, RL =2802, C, = 5pF 
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Am2924 


Three-Line to Eight-Line Decoder/Demultiplexer 


DISTINCTIVE CHARACTERISTICS 


@ Advanced Schottky technology 


® Inverting and non-inverting enable inputs 


GENERAL DESCRIPTION 


The Am2924 is a 3-line to 8-line decoder/demultiplexer 
fabricated using advanced Schottky technology. The de- 
coder has three buffered select inputs A, B and C that are 
decoded to one of eight Y outputs. 


BLOCK 


One active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. When the enable input 
function is in the disable state, all eight Y outputs are HIGH 
regardiess of the A, B and C select inputs. 


DIAGRAM 


BD002380 


RELATED PRODUCTS 


1 of 8 Decoder 


03602B 
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Am2924 


CONNECTION DIAGRAM 
Top View 


CD004550 


*F-16 pin configuration identical to D-16, P-16. 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


DIE SIZE: 0.065” x 0.070” 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2924 


B 
L_ Screening Option PC 
Blank — Standard processing DC, DCB, DM, 
B — Burn-in DMB 


Temperature (See Operating Range) Am2924 FM, FMB 
C -Commercial (0 to + 70°C) LC, LCB, LM, 


M 
Package 


- Military (-55 to + 125°C) 


D- 16-pin CERDIP 

F-—16-pin flatpak 

L-20-pin leadiess chip carrier 
P—16-pin plastic DIP 


X— Dice 


Device type 
Decoder/Demultiplexer 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION <, 
x 
a 


other inputs. 


The eight decoder outputs. 


Se Fan-out 
Outputs Input/ Pin Output Output 
(G1 G2A G25 CBA Output No.'s Unit Load HIGH LOW 


G2A, G2B aS The active-LOW enable input. A HIGH on either the G2A or G2B input forces all Y outputs HIGH regardless of any 


Re wage ee a ees cis a a aR a cy 
Po Ee it in ee ee Goan 
aie ie OO a varie Gory aad camo: cer a | | 
Ge ado ee a Pe ee 
pe AP aS pee wat eS a aya ee 2 
ee ET a Mo eke Mr as oe eae 
se OURO GRR ERS: SRD HD RE ERS al RHR App 
“We E- x DE-DE EE SE 
aL we dhe) ae ake Weta ke oe ae 
ae cae the ake 0 aes Sek ae ae cP 
pe fie ais i obs ae wie mie iP ofl ale 
FR AB yee hr ae os ada ae olen cages 
sits © peeks | alba lle! alee: llc ell. cle, ake “elke 
gn: Me dil ies eile es oa: llee ol 1 ing 


H = HIGH 
L = LOW 
X = Don't care 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


A Schottky TTL Unit Load is defined as 50uA 
measured at 2.7V HIGH and -—2.0mA measured at 
0.5V LOW. 


1C000370 
Note: Actual current flow direction shown. 
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SELECT 


~ 


DATA 


H=HIGH 


APPLICATIONS 


One-of-Sixteen Demultiplexer 
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12 
11 
10 
9 
8 

DECODE 

DATA OUTPUT 
? 
6 
5 
4 
3 
2 
1 
0 

AF002010 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ..................0.c0ee. -65°C to +150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias....... -55°C to +125°C Piece) Een i th a ae 0°C to +70°C 

Supply Voltage to Ground Potential SUNY VORA pecs ncio gs oe pks sie ch avenes +4.75V to +5.25V 
(Pin 16 to Pin 8) Continuous............... -0.5V to +7.0V a ; 

DC Voltage Applied to Outputs For ey aE ess ° ° 

POON Fo oi cpcc acts cnakisknr cs nso -55°C to +125°C » 

Pigs OUD Sige So os665- eos ee -0.5V to +Vcc max 

DC Input Voltage _0.5V to +5.5V DOE VONGOD 500.5. os os iacsas astaeees +4.5V to +5.5V 

P i eae ees ee ‘ Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ....................cee eee 30mA ality of the device is guaranteed 
DC Input Currents. . isu. Sots stad vans: -30mA to +5.0mA g ; 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 1) 


en 


Input Clamp Voltage Voc = MIN, lin = -—18mA 


Input LOW Current Voc = MAX, Vin=0.5V 


Voc = MIN, lon = - 1mA 
Vin = Vin oF Vit 


IL 
(Note 3) 


. ae Input HIGH Current Voc = MAX, Vin = 2.7V 


Input HIGH Current Voc = MAX, Vix = 5.5V 


Isc el ei Circuit Current Voc = MAX, Vout = 0.0V 


Power Supply Current Voc = MAX (Note 5) 


Notes: 1. For conditions shown as MIN or MAX, use the the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Output enabled and open. 


SWITCHING CHARACTERISTICS (Ta = 25°C) 
Description Test Conditions 
Two Level Delay 
Select to Output 
Three Level Delay 
Select to Output 
GOA or G2B 
to Output 

G1 to Output 


Voc = 5V, Cy = 15pF, Ri, =2802 
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Am2925 


Clock Generator and Microcycle Length Controller 


DISTINCTIVE CHARACTERISTICS 


Crystal controlled oscillator 

Stable operation from 1MHz to over 31MHz 

Four microcode controlled clock outputs 

Allows clock cycle length control for 15-30% in- 
crease in system throughput. Microcode selects one 
of eight clock patterns from-3 to 10 oscillator cy- 
cles in length 


@ System controls for Run/Halt and Single Step 
Switch debounced inputs provide flexible halt con- 
trols 

@ Slim 0.3” 24-pin package 
LSI complexity in minimum board area 


GENERAL DESCRIPTION 


The Am2925 is a single-chip general purpose clock genera- 
tor/driver. It is crystal controlled, and has microprogramma- 
ble clock cycle length to provide significant speed-up over 
fixed clock cycle approaches and meet a variety of system 
speed requirements. The Am2925 generates four different 
simultaneous clock output waveforms tailored to meet the 
needs of Am2900 and other bipolar and MOS microproces- 
sor based systems. One-of-eight cycle lengths may be 
generated under microprogram control using the Cycle 
Length inputs Ly, Lo, and Lg. 


The Am2925 oscillator runs at frequencies to over 31MHz. 
A buffered oscillator output, Fo, is provided for external 
system timing in addition to the four microcode controlled 
clock outputs Ci, Co, Cg and C4. 


System control functions include Run, Halt, Single-Step, 
Initialize and Ready/Wait controls. In addition, the FIRST/ 
LAST input determines where a halt occurs and the Cx 
input determines the end point timing of wait cycles. 
WAITACK indicates that the Am2925 is in a wait state. 


BLOCK DIAGRAM 


BD002590 
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CONNECTION DIAGRAM 
Top 


D-24-Slim 


CD004820 


View 


CD004810 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


GND 


READY 2 
L,3 


Lo4 


' Mt a4 


SSNC 10 


SSNO 11 
GND 12 


DIE SIZE: 


"pen an a 


Lr _— 
eee i et gt 
Wi 


= i a 


Se 


0.097” x .122” 


24 Voc 
23 Cy 


22 INIT 


21 WAITREQ 
20 WAITACK 


19 RUN 
18 HALT 


17 FIRST/LAST 


16 X, 


15 X, 
14 Fy 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


B 
Li Screening Option 


Blank - Standard processing 


B —- Burn-in 


Temperature (See Operating Range) 
C -— Commercial (0°C to + 70°C) 


M - Military (-55°C to + 125°C) 
Package 
D - 24-pin SLIMDIP 
L — 28-pin leadiess chip carrier 
X - Dice 


Device type 
Clock Generator 


5-221 


Valid Combinations 


DC, DCB, DMB 


Am2925 LC, LCB, LMB 
XC, XM 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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ki 


20u!! Typ 


= 


FIRST LAST 


HALT 


RUN 


SSNC 


COs 
SSNO 
Loa 
INIT Sate 


WAIT REO 
Cy 


*5V 


IFMOMPACMHML Bs 


LATCH 


LOGIC DIAGRAM 


STATE MACHINE DECODER 
(6-ANO-OR-INVERTER) 


€,6,¢, nw ? ar) ° ew 
,C3E3€2€ HW + See 
A2A,CaCoHW + Cx02C, + Con + COW 
ene : = eae 

302 C3C, Cyn Caw 
C3020, HW - Can - Cw 


A2C3E HW - CaCa€ MW - A2A;C4C3 - 
Ayn ’ Aww 


K3 


K2 


C4C3€QHW - AyCaC3E3HW - AZAyCQHW - 
A2C3HW - AgH - Agw 


62 


STATE MACHINE CONTROL 
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Fo 
Ce 
Ca 
Cy 
ae 
C3 
C3 > 
aod 
C2 
C2 
C2 
Cy 
Cy 
Cy 
Se, 
42 
A2 
Ay 
Ay 
WAITACK 
sae 
BD002541 
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PIN DESCRIPTION 


|_Pin No. |Name | 1/0_| Description 


6, 7, 8,9 |Cy, Co 
C3, C4 


through Fo. 


and 


A LOW input on 


+410 SSNO and 
SSNC is activated LOW. 
BY ieincafen e eaes [ot 4 
eee 
es See 


the "WAIT"' state. 


Ready inputs. 


'X1,X2_-——«|'1, O_| External crystal connections. X; can also be driven by a TTL frequency source. 


The buffered oscillator output. Fo internally generates all of the timing edges for outputs Cy, Co, C3, C4 
ACK. Fo rises just prior to all of the Cy, Co, C3, C4 transitions. . 


Debounced inputs to provide HALT control. These inputs determine whether the output clocks run or not. 
HALT (RUN = HIGH) will stop all clock outputs. 


HALT time control input. A HIGH input in conjunction with a HALT command will cause a halt to occur 
when C4 = LOW and Cy = Co = Cg = HIGH (see clock waveforms). A LOW input causes a HALT 
to occur when Cy = Co = Cg = LOW and C4 = HIGH. 


Single Step control inputs. These debounced inputs allow system clock cycle single stepping while HALT 


System clock outputs. These outputs are all active during every system clock cycle. Their timing is deter- 
mined by clock cycle length controls, Ly, Lo, and Lg. 


Clock cycle length control inputs. These inputs receive the microcode bits that select the microcycle 
lengths. They form a control word which selects one of the eight microcycle waveform patterns F3 


The Wait Request active LOW input. When LOW this input will cause the outputs to halt during the next 
oscillator cycle after the Cx input goes LOW. 


Wait cycle control input. The clock outputs respond to a wait request one oscillator clock cycle after Cx 
goes LOW. Cy is normally tied to any one of C1, Co, Cg or Cy. 


The Wait Acknowledge active LOW output. When LOW, this output indicates that all clock outputs are in 


The READY active LOW input is used to continue normal clock output patterns after a wait stage. 


The Initialize active LOW input. This input is intended for use during power up initialization of the system. 
When LOW all clock outputs free run regardless of the state of the Halt, Single Step, Wait Request and 


DETAILED DESCRIPTION 


The Am2925 is a dynamically programmable general-purpose 
clock generator/driver. It can be logically separated into three 
parts. There is an oscillator, a state machine decoder and a 
state machine control section. 


The oscillator is a linear inverting amplifier which may be 
configured with a minimum of external parts as a 1st harmon- 
ic* crystal oscillator, 3rd harmonic* crystal oscillator, L-C 
oscillator or used to buffer an external clock. The buffered, 
inverted output of this oscillator is available as Fo. 


The state machine takes microcode information from the 
Microcycle Length ''L'' inputs L;, Lo and Lg and counts the 
fundamental frequency of the internal oscillator, Fo, to create 
the clock outputs, C;, Co, C3 and Cy. 


The clock outputs have a characteristic wave shape relation- 
ship for each microcycle length. For example, C; is always 
LOW only on the last Fo clock period of a microcycle and Cy is 
always LOW on the first. C3 has an approximately 50% duty 
cycle, and Co is HIGH for all but the last two periods. 


The current state of the machine is contained in a register, 
part of which is the Clock Generator Register. C1, Co, Cg and 
C4 are the outputs of this register. These outputs and the 
outputs of the Microcycie Control Latch are fed into a set of 
combinatorial logic to generate the next state. On each falling 
edge of the internal clock the next state is entered into the 


current state register. The Microcycle Control Latch is latched 
when C; is HIGH. This means that it will be loaded during the 
last state of each microcycle (C; = Co = C3 =LOW, 
C4 = HIGH). This internal latch selects one of eight possible 
microcycle lengths, F3 to F1o. 


The state machine control logic, which determines the mode 
of operation of the state machine, is intended to be connected 
to a front panel. There are four basic modes of operation of 
the Am2925 comprised of Run, Halt, Wait and Single Step. 


SYSTEM TIMING 


In the typical computer, the time required to execute different 
instructions varies. However, the time allotted to each instruc- 
tion is the time that it takes to execute the longest instruction. 


The Am2925 allows the user to dynamically vary the time 


allotted for each instruction, thereby allowing the user ‘to 
realize a higher throughput. 


This application section will cover several aspects of the 
Am2925. The first topic to be covered is the oscillator section 
which is responsible for providing the basis of all system 
timing. Second will be how to operate the Am2925; last will be 
an example of an Am2925 in a 16-bit microprogrammed 
machine. 


*It is understood that the terms "fundamental mode" and ''3rd overtone"’ are generally regarded as more technically 
correct, but ''1st harmonic'’ and "3rd harmonic’ are used here because of their more generally accepted usage. 


5-223 


03367A 
Refer to Page 13-1 for Essential Information on Military Devices 


> 
3 
N 
© 
N 
oi 


Am2925 


OSCILLATOR 


The Am2925 contains an inverting, linear amplifier which is 
intended to form the basis of a crystal oscillator. In designing 
this oscillator it is necessary to consider several factors 
related to the application. 


The first consideration is the desired frequency accuracy. This 
may be subdivided into several areas. An oscillator is consid- 
ered stable if it is insensitive to variations in temperature and 
supply voltage, and if it is unaffected by individual component 
changes and aging. The design of the Am2925 is such that the 
degree to which these goals are met is determined primarily by 
the choice of external components. Various types of crystals 
are available and the manufacturers’ literature should be 
consulted to determine the appropriate type. For good temper- 
ature stability, zero temperature coefficient capacitors should 
be used (Type NPO). For extreme temperature stability, an 
oven must be used or some other form of temperature 
compensation applied. 


Absolute frequency accuracy must also be considered. The 
resonant frequency varies with load capacitance. It is there- 
fore important to match the load specified by the crystal 
manufacturer for a standard crystal (usually 32pF), or to 
specify the load when ordering a special crystal. It should then 
be possible to determine from the crystal characteristics the 
load tolerance to maintain a given accuracy. If the ''set-on" 
error due to load tolerance is unacceptable, a trimmer 
capacitor should be incorporated for fine adjustment. 


The mechanism by which a crystal resonates is electrome- 
chanical. This resonance occurs at a fundamental frequency 
(1st harmonic) and at all odd harmonics of this frequency 
(even harmonic resonance is not mechanically possible). 
Unless otherwise constrained crystal oscillators operate at 
their fundamental frequency. However, crystals are not gener- 
ally available with fundamental frequencies above 20-25MHz. 
At higher frequencies, an overtone oscillator must be used. In 
this case, the crystal is designed to oscillate efficiently at one 
of its odd harmonic frequencies and additional components 
are included in the oscillator circuit to prevent it oscillating at 
lower harmonics. 


Where a high degree of accuracy or stability is not required, 
the amplifier may be configured as an L-C oscillator. It may 
also be driven from an external clock source if operation is 
required in synchronism with that source. 


1st Harmonic (Fundamental) Oscillator 


The circuit of a typical 1st harmonic oscillator is shown in 
Figure 1. The crystal load is comprised of the two 68pF 
capacitors in series. This 34pF approximates the standard 
32pF crystal load. If a closer match is required then one of the 
capacitors should be replaced with a parallel combination of a 
fixed capacitor and a trimmer. The nominal value of the 
combination should be 60pF to provide proper crystal loading. 


A typical crystal specification for use in this circuit is: 


Frequency Range: 5-20MHz 
Resonance: Parallel Mode 
Load: 32pF 
Stability: .01% or to match systems requirements 
Case: H-17—for smaller size 
Temp Range: -30 to +70°C 
Note: Frequency will change over temp 
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C2 
S8pF 


DF000810 


Figure 1. Connections for 5-20 MHz. 


It is good practice to ground the case of the crystal to 
eliminate stray pick-up and keep all connections as short as 
possible. 


Note: At fundamental frequencies below 5MHz it is possible 
for the oscillator to operate at the 3rd harmonic. To prevent 
this a resistor should be added in series with the Xo pin as 
shown in the circuit diagram. 


The resistor value should match the impedance of Co: 


R= — 
Xce 2n f Co 


3rd Harmonic Oscillator 


At frequencies greater than 20MHz the crystal can be operat- 
ed at its 3rd harmonic. A typical circuit is shown in Figure 2. 
Two additional components are included; an inductor, L;, and 
a capacitor, C3. The purpose of the capacitor is to block the 
d.c. path through the inductor and thereby maintain the correct 
amplifier bias. C3 should be large (2 1000pF). 


The inductor forms a parallel tuned circuit with C;. This circuit 
has its resonance set between the 1st and 3rd harmonics of 
the crystal and is used to prevent the oscillator operating at 
the 1st harmonic. In the 1st harmonic oscillator (Figure 1), the 
crystal appears as an inductor and forms a 7-network with the 
two capacitors, thus providing the necessary phase shift for 
oscillation. In the 3rd harmonic oscillator, Ly and C; are 
chosen such that at the 3rd harmonic the impedance of circuit 
is equivalent to that of the capacitor Co in the ist harmonic 
oscillator (Figure 3b). Thus, the same 7-network is formed 
(Figure 3c) and oscillation is possible. At the 1st harmonic the 
tuned circuit appears as an inductor (Figure 3a), the 7-network 
is not formed and oscillation is not possible. 


The following specification is typical for a crystal to be used in 
a 3rd harmonic oscillator. 


Frequency Range: Above 20MHz 
Resonance: Parallel Mode 
Load: 32pF 
Stability: .01% or to match systems requirements 
Case: H-17 — for smaller size 
Temp Range: -30 to + 70°C 
Note: Frequency will change temp 


Again it is good practice to ground the crystal case and keep 
connections short. 
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Figure 2. Connections for Frequencies above 20MHz. 


“ 


Frrap 


a) Fundamental Equivalent b) Trap Impedance 


DF000830 


c) 3rd Harmonic Equivalent 


Figure 3. Forcing Third Harmonic Oscillation. 
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Am2925 


Design Procedure 


(1) Assume C; = 82pF and Co = 68pF (this gives a sensible 


inductor value). L1 is calculated according to the formula: 


1151 
Ly= ris fo = Operating frefquency in MHz 


Oo Ly in wH 


This sets the resonant frequency of the L-C com- 
bination at 0.52 fo. 


(2) Select the closest standard value inductor for L;. Using this 
value calculate C; such that the resulting crystal load at the 
3rd harmonic is 32pF. 


25330 
Ngee Ci in pF. 


Choose the closest standard capacitor value to this. 


Using standard values both the resonant frequency of the L-C 
circuit (f-) and the crystal load are non-optimal. This will cause 
a slight error in the oscillating frequency. If this is not 
permissible C; may be a fixed capacitor in parallel with a 
trimmer such that the range of adjustment includes the 
calculated value for Cj. This is then set to give the desired 
frequency. In either case the approximate inductor value will 
cause the resonant frequency to the L-C circuit to change. 
This frequency, fr, may be computed and should remain 
approximately midway between the 1st and 3rd harmonic. 


159 fr in MHZ 
r= Ly in wH 
VC; C; in pF 


L-C Oscillator 


The Am2925 can be operated as an L-C tuned oscillator 
(Figure 4) and will perform as a stable oscillator within the 
restrictions of the chosen frequency determining components 
(i.e., inductor and capacitors). The circuit chosen is a classical 
m-network with DC loop isolation. The Am2925 oscillator is a 
DC biased linear amplifier. This DC bias is necessary and 
therefore C3 is included to block the DC path through the 
inductor. If a variable slug tuned inductor is used a moderate 
range of frequency adjustment tuneability (approximately 2:1) 
can be achieved. The range can be enhanced by switching the 
two resonant capacitors (C;, C2) to larger or smaller values. 
The specific frequency of operation can be determined by the 
formula: 


f= (where C is Cy and Co in series). 


27,/LC 


DF000870 


Figure 4. L-C Tuned Oscillator. 


External Clock Drive 
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The Am2925 can be driven from an external clock source at a 
signal level of 1.0V P-P or greater. This is accomplished by 
reducing the gain of the amplifier and AC coupling the input 
signal (Figure 5). The gain is reduced by feeding the amplifier 
output back to the input through a 4.7k{2 resistor. AC coupling 
is provided by a 0.01uF capacitor. The controlled gain 
minimizes ringing caused by the fast rising edges of the driver. 
The AC coupling maintains oscillator output symmetry by 
preserving oscillator DC bias levels. 


X can be driven directly by TTL levels meeting the DC input 
requirements. 


Am2925 


Xy X2 
1.0Vp.p < Vin < Voc 
CLOCK 
INPUT 
Cc; Ry 
0.01 uF 4.7K) 
DFO00880 


Figure 5. External Clock Drive. 
Am2925 Control Inputs 


The control inputs fall into two categories, microcycle length 
control and clock control. Microcycle length control is provided 
via the ''L"' inputs which are intended to be connected to the 
microprogram memory. The ''L"' inputs are used to select one 
of eight cycle lengths ranging from three oscillator cycles for 
pattern Fg to ten oscillator cycles for pattern Fio. This 
information is always loaded at the end of the microcycle into 
the Microcycle Control Latch. The Microcycle Latch performs 
the function of a pipeline register for the microcycle length 
microcode bits. Therefore, the cycle length goes in the same 
microword as the instruction that it is associated with. 


The clock control inputs are used to synchronize the micropro- 
gram machine with the external world and I/O devices. Inputs 
like RUN, HALT, SSNO and SSNC, which start and stop 
execution, are meant to be connected to switches on the front 
panel of the microprogrammed machine (see Figure 6). These 
inputs have internal pull-up resistors and are connected to an 
R-S flip-flop in order to provide switch debouncing. The 
FIRST/LAST input is used to determine at what point of the 
microcycle the Am2925 will halt when HALT or a SINGLE 
STEP is initiated. In most applications the user wires this input 
HIGH or LOW depending on his design. 


DF000860 


Figure 6. Switch Connection for RUN/HALT 
and Single Step. 
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Figure 7. Am2925 WAIT/READY Timing. 


When HALT is held low (RUN = HIGH) the state machine will 
start the halt mode on the last (Ci; =LOW) or the first 
(C4 = LOW) state of the microcycle as determined by the 
FIRST/LAST input. When RUN goes low (HALT = HIGH) the 
state machine will resume the run mode. 


The WAITREQ, C,, READY and WAITACK signals are used to 
synchronize other parts of a computer system (memory, I/O 
devices) to the CPU by dynamically stretching the microcycle. 
For example, the CPU may access a slow peripheral that 
requires the data remain on the data bus for several microsec- 
onds in which case the peripheral pulls the WAITREQ line 
LOW. The Cx input lets the designer specify when the 
WAITREQ line is sampled in the microcycle. This has a direct 
impact on how much time the peripheral has to respond in 
order to request a wait cycle (see Figure 7). The READY line is 
used by the peripheral to signal when it is ready to resume 
execution of the rest of the microcycle. The WAITACK line 
goes LOW on the next oscillator cycle after the Cx input goes 
LOW and remains LOW until the second oscillator cycle after 


READY goes LOW. 


The SSNO and SSNC inputs are used to initiate the SINGLE 
STEP mode. These debounced inputs allow a single microcy- 
cle to occur while in the halt mode. SSNO (normally open) and 
SSNC (normally closed) are intended to be connected to a 
momentary SPDT switch. After SSNO has been low for one 
clock edge, the state machine will change to the run mode. 
The microcycle will end on the first or last state of the 
microcycle depending on the state of the FIRST/LAST. 


AC Timing Signal References 


Set-up and hold times in registers and latches are measured 
relative to the clock signals that drive them. In the Am2925, 
the crystal oscillator provides a free running clock signal that 
drives all the registers on the devices. This clock is provided 
for the user through the buffered output of Fo. Therefore, Fo is 
used as the reference for set-up, hold and clock to output 
times. However for the Microcontrol Latch, the set-up and hold 
times are referenced to the C; output which is the buffered 
version of the latch enable. This reference is appropriate for 
the Microcontrol Latch because in a typical application this 
latch is considered part of the pipeline register which is also 
driven by one of the ''C" outputs. 
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Ciock Outputs 


There are four clock outputs provided for the user which have 
different duty cycles. The user must make a decision as to 
which one best fits his purposes. For example, in a three 
address architecture, with the Am2903 (Figure 8), the C3 clock 
(approximately 50% duty cycle) could be used to drive the 
clock input while Co (always low last two oscillator cycles) 
drives Instruction Enable. This guarantees, for microcycle 
lengths greater than four, that the internal RAM data latches of 
the Am2903 are closed and the destination address is 
multiplexed onto the B address bus before the RAM begins 
the Write cycle (Figure 9). 


16-BIT MACHINE WITH Am2925 


The block diagram in Figure 10 shows a 16-bit micropro- 
grammed machine which uses an Am2925 to generate system 
timing. The design decisions include oscillator frequency and 
clock pattern selections. 


Selecting the Crystal 


In order to pick the oscillator frequency, a detailed timing 
analysis of the machine must be done in order to determine 
the execution length of every operation to be performed. For 
each operation there will be several delay paths, which usually 
include the ALU and the microprogram control. 


DF000930 


Figure 8. Am2903 Three Address Architecture. 
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Am2925 


XX XAKN) 
A & B AOORESS 
Oy 


AOORESS BUS 


DF000771 


Figure 10. 16-Bit Microprogrammed Machine. 


03367A 
5-228 Refer to Page 13-1 for Essential Information on Military Devices 


Table 1 is an example of two of these paths. PATH 1 is a path 
through the Am2910 (Figure 10) for a microprogram Condition- 
al Jump Subroutine. PATH 2 is a data flow path through the 
Am2903 for an Add instruction. Therefore, if the operation 
were an Add with a Conditional Jump Subroutine the maximum 
delay would be 170ns. If there were a Program Control Unit 
also, then delays through it would have to be considered. 


After the execution times all of the instruction types have been 
calculated, the oscillator frequency can be selected. It is 
desirable to minimize the difference between the most com- 
monly used instructions and multiples of the oscillator period. 
In this way the most efficient use can be made of the variable 
microcycle scheme. 


For example, in the hypothetical machine in Figure 10. there 
are five instruction types (most machines will have more). 
Table 2 is a table which lists each instruction type, corre- 
sponding execution time, and anticipated percentage of the 
typical instruction stream for each instruction. Several possible 
frequencies are shown which contain the next highest multiple 
of the corresponding oscillator period for each instruction. 
20MHz is the best choice because it comes closest to 
matching instructions A and C which compose 90% of the 
typical instruction stream. 


In this example, 20MHz was chosen. AT 20MHz there is a 
choice between fundamental or overtone crystals. Fundamen- 
tal frequency crystals are commonly available up to 25MHz 


and 3rd harmonic crystals are available above 17MHz. A Am2904 

fundamental crystal was selected for the example machine Am2903A 
because the component count for the oscillator design is Am2910A 
lower than for the overtone design. However, if it had turned Am2902A 
out that 30MHz was a better choice then overtone operation Am27S27 
would be chosen since fundamental crystals above 25MHz Am2903A 
are not generally available. Am2904 


Fixed Bandwidth Buses 


For those designs that require a data bus with fixed bandwidth 
and fixed time slots for each memory access, the designer 
should consider using cycle lengths which are a multiple of the 
shortest cycle length, i.e., cycle lengths 3, 6 and 9 or cycle 
lengths 4 and 8. 


instruction 
Type 


secant 


Percentage of 60% 
Instruction Stream 


Closest Multiple 
Oscillator Period 


The design could further require that the bus be accessed only 
during the shortest cycle length. Therefore, by using multiple 
cycle lengths it can be predicted when the CPU will access the 
bus and for how long, thereby maintaining the fixed bandwidth. 


Performance Comparison 


Estimated performance can be calculated directly from Table 
2. For a fixed microcycle machine the longest instruction 
execution time would have to be used for all instructions, 
yielding an average instruction time of 228ns. With a variable 
microcycle machine the average instruction time is the sum of 
the products for each instruction, of the percentage of the 
instruction stream and the next highest multiple. The average 
instruction for the example machine with a 20MHz crystal is: 


(0.6 x 150 + .08x 200 + .3 + 200 + 
.01 x 200 + .01 + 250) = 170.5ns 


This represents a 25% increase in system performance 
without requiring any other system speed-ups and without 
requiring faster devices. 


Am27S27 


Table 1: Delay Path Totals for an Add and a 
Condition Jump Subroutine. 


6 eee ee ee 


Gze6cuy 


20MHz P = 50 150 (3P) 200 (4P) 200 (4P) 200 (4P) 250 (5P) 
25MHz P = 40 160 (4P) 200 (5P) 200 (5P) 200 (5P) 240 (6P) 
30MHz P = 33 167 (5P) 200 (6P) 200 (6P) 200 (6P) 233 (7P) 


33MHz P = 30 180 (6P) 210 (7P) 210 (7P) 240 (8P) 


150 (5P) 


Table 2. Instruction Time Analysis. 
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Am2925 OSCILLATOR APPLICATIONS 
EXTERNAL COMPONENT CALCULATIONS SUMMARY 


Cy C2 
| ‘i 1.0Vp.p < Vin < Voc 


AF001760 
AF001770 


1 
R oe Tes for 1-6MHz 


R=0 for 6—-20MHz 


FUNDAMENTAL OSCILLATOR EXTERNAL CLOCK DRIVE 


one. 
o= 3, YaLe 
(fo)? Cy =Cg=C 

(fp > 20MHz) Xe, 4X 


AF001750 


AF001740 
3rd HARMONIC OSCILLATOR 


L-C OSCILLATOR 


DESIGN CONSIDERATIONS 


1. Oscillator external connections should be less than 1” long 
— wirewrap is not recommended. 


2. Vcc and GND connections should be less than 42” long to 
power plane. 


3. Supply decoupling includes both high frequency and bulk 
storage elements. 


4. The same considerations apply for 3rd overtone configura- 
tions. 


PF001070 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES. 


Storage Temperature .............cccccececees -65°C to +150°C Commercial (C) Devices 

Ambient Temperature Under Bias......... -55°C to +125°C TORIDORRON OES oo 65555 oo odes csnscee ck cc eee 0°C to +70°C 

Supply Voltage to Ground Potential SUDPIV VORBGO 4 «os. caicistdeec ds icck. +4.75V to +5.25V 
ORNUCUN sii is ee -0.5V to +7.0V 


Military (M) Devices 


‘ “Sabet Applied to Outputs For Temperature. 622..20.6)6.32Si ee -55°C to + 125°C z 
igh Output State. ...5..<.60).......5... -0.5V to +Voc max 
DC input Voltace -0.5V to +5.5V Supply Voltage..... SRD kh stig ie tities ase +4.5V to +5.5V 
P LP Rs Goon ees eee d : Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ...............0.0cccceeee 30mA ality “of the “deyles-is guaranteed 
De input Current ost .. 30.2, <.-)s.s.c0ssccess -30mA to +5.0mA 9 5 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) 
OL 


ee Te eG ae 

i oe 

ee loki Vco = MIN amt (as Se ees 
: or 


a 
“ie 
> 
ao 


WAITACK 
Volts 
Vin = Vit oF Vit 
lo = 16mA Volts 


Guaranteed input logical HIGH : Be abc) 
Vv Input LOW Level Guaranteed input logical LOW 
IL (Note 3) voltage for all inputs 

| ’ 


preea 
aneees 
v rt 2 
READY, WW ty tate | 
| ees 
"SSNO, FUN, FACT [| 
eae 
» INIT, Ly, Lo, L 


WAITREQ, X; (See Figure 11) 
Nie 
Output Short Circuit 2s 
Current (Note 4) Voc = MAX 


SSNO, SSNC, RUN, HALT 
Power Supply Current Es , 
(Note 5) ic caiies 


. Typical values are at Vcc = 5.0V, 25°C ambient and maximum loading. 


FIRST/LAST 
. For conditions shown as MIN or MAX use the appropriate value specified under Operating Ranges for the applicable device type. 
Does not apply to X; and Xo. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Icc varies with temperature and oscillation frequency as shown in Figure 12. The parameters specified (worst case) applies to 
fo = 0, +25°C, Cy = Co = Cg = LOW, C4 = HIGH, X14 = 2.4V, Xo = open and Fo = LOW. The variations shown in Figure 12 apply to 
typical values. 2 


Voc = MAX 
Input LOW Current Vin = 0.4V 


ee od 
[READY INT, tit2ts [| | | 
| 
cares Lees 
wees 
ee 


i See Figure) 
READY, INIT, Li,l2l3 | | 
|Vin=Voc_| SSNO, SSNC, RUN, HALT | 
Voo= MAX [Vin=58V | WATTREG Gxt 
Vin =Voo [FIRSTIAST 

= a 


Input HIGH Current 


70 


aos t 


2 [3 babs spf s sh 


Input HIGH Current 


Vin = 4.0V | X1 (See Figure 11) 


Notes: 


APRON 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


[Parameters |Description __—=—=«|_‘Test Conditions | Min | Typ | Max | Units | 
[1 Twas [Fa Fees Goma 8 age LT eee 
Poe lime [tema OoMGD ta is | en |e 

P8 Ptoreser | Fol) t0 Cr, Ca, Ca, Cx or WATTACK (I) | a a 
[4 Ptoreser [Fo (3) t0 Cr, Ca, Ca, Og or WATTACK (1) mg ee Lm. | 
ue ee Oe Os ee pod aks Oise edu sg | 
3S lee (teal et Aad PO | 06 fa.8 lonmec | 
7 |tskew | Cr (P) t0 C4 (I) Opposite Transition | Mike wn See ee 
es ae Oe er Te ee te Hse PN A 
i ee Oe Eee ee pm Daca wcla ota | 
P40 fts «dx to Fo CT) (Note 7 el AT agi pronen | 
Party x to Fo CP) (Note 7 cae LD er ee | 
Pais Wr Cr ited | em [ee |e 
43 [CWT to F(T) Noe) Frosesihnedo mo | 
al a FT os ee oe 
ed Ee oe oe | 
rte ts | RON, ACT (37) to Fo (I) (Notes 8, 9) Teor 4 | | whioree_| 
cl To 
18 [ts IRSTLAST to Fo (tT) (Note 1) Pre |e 
Pa ie IMC rjieete yen | io eat a 
2 ton [WT Weeewe oo ee ae ee 
[21 [tun | INIT to WATTACR eee te | | 
2 Mies. een 
[i-m  bee emer | eae | ney 


Notes: 6. The frequency guarantees apply with Cx connected to Ci, C2, C3, C4 or HIGH. The Cx input load must be considered part of the 
50pF/2.0kQ2 clock output loading 
7. These set-up and hold times apply to the Fo LOW-to-HIGH transition of the period in which Cx goes LOW 
8. These inputs are synchronized internally. Failure to meet tgs may cause a 1/Fo delay but will not cause incorrect operation. 
9. These inputs are ''debounced" by an internal R-S flip-flop and are intended to be connected to manual break-before-make switches. 
10. FIRST/LAST normally wired HIGH or LOW. 
. Reference point of T offset has been moved forward which has increased T offsets. 


-o UWA a 
4 
Gee 490808088 


Vin — VOLTS 


PF001080 
X; is not a TTL input. It is a crystal connection to an inverting linear oscillator amplifier, and is specified primarily for test 
convenience. 


Figure 11. Am2925 X, Input Characteristics (Typical, Vcc = 5.0V). 
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SWITCHING CHARACTERISTICS over operating range unless tithbrwise specified 


Parameters 


fMAx1 
fMAx2 
tOFFSET 
tOFFSET 


a a 
x x 
m m 
= = 


= 
| 


tpwe : 
tPLH 
tPLH 
tPHL 


bs Le 
fa Lies Los ES 
Beis aa eae 
Oe eae ee 
cs ae CR oS 
Et eee ee 
pe ee 
ae | te a 
ee aa a 


50pF/2.0kQ 


. FIRST/LAST 


. Reference point of T offset has been moved forward which has increased T offsets. 


Description 


Fo Frequency (Cx Connected) (Note 6) 
Fo Frequency (Cx = HIGH) 


Fo( ) to Cy, Co, Cg, C4 or WATTACK ( ) 
Fo ( ) to Cy, Co, Cg, C4 or WAITACK ( ) 
Ci ( ) to C4 ( ) Opposite Transition 

Cx to Fo ( ) (Note 7) 

Cx to Fo ( ) (Note 7) 


INIT to WATTACK 


clock output loading 


normally wired HIGH or LOW. 


NORMALIZED — tcc 


eae 
mins, SE 
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I 
Propagation Delay (Note 11) Ci = 15pF 
X14 to Fo Ri = 2802 


Notes: 6. The frequency guarantees apply with Cx connected to Cy, Co, C3, C4 or HIGH. The Cy input load must be considered part of the 


FREQUENCY — MHz 


Test 
Conditions 


CL = 15pF 
Ri = 2802 


CL = 50pF 
Re = 2.0kQ 


Be Ve | 


COMMERCIAL 


—_ 


. 


mM 
N 


Figure 12. Am2925 Icc Normalized vs Frequency (Vcc = 5.5V). 


PF001090 


N 
i=) 


MILITARY 


7. These set-up and hold times apply to the Fo LOW-to-HIGH transition of the period in which Cx goes LOW 
8. These inputs are synchronized internally. Failure to meet ts may cause a 1/Fo delay but will not cause incorrect operation. 
9. These inputs are ''debounced"’ by an internal R-S flip-flop and are intended to be connected to manual break-before-make switches. 


— 
eel 
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AM2925 CLOCK WAVEFORMS 


WAVEFORMS 
ANO 


WF003080 
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SWITCHING WAVEFORMS 


Cree 
pee BE 
SS eAaQaraaaad 


NORMAL CYCLE WITHOUT WAIT STATES (Pattern Fg Shown) 


ag ey 


WF003070 


WAIT TMMNG (Cy Connected to C;) 


WF003061 


WAIT TIMING (Cx Connected to C}) 
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Am2927/Am2928 


Quad Three-State Bus Transceivers With Clock Enable 


DISTINCTIVE CHARACTERISTICS 


Three-state bus driver outputs can sink 48mA, and 
Three-state receiver outputs sink 24mA — both at 0.5V 
max. 

D-type register on drivers 

Latch output on Am2927; Registered output on Am2928 


®@ Output data to input wrap around gating; Input register 
to output transfer gating with or without driving data bus 

@ Clock enabled registers 

@ 3.0V minimum Vou for direct interface to MOS micro- 
processors 


GENERAL DESCRIPTION 


The Am2927 and Am2928 are high-performance, low- 
power Schottky, quad bus transceivers intended for use in 
bipolar or MOS microprocessor system applications. 


Both devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock 
inputs. The four transceivers share common enables, 
clock, select and three-state control lines. 


The Am2927 consists of four D-type edge-triggered flip- 
flops. Each flip-flop output is connected to a three-state 
data bus driver and separately to the input of a correspond- 
ing receiver latch input. The receiver latch can select input 
from the driver or the data bus. The select line determines 
the source of input data for the bus driver choosing 
between input data or data recirculated from the receiver 
output. The receiver output also has a three-state output 
buffer. 


The combination of the select input, S, the driver input 
enable, ENDR, and the receiver latch enable, RLE, provide 


seven different data path operating modes not available in 


Am2927 


BUS 


me RLE 
s ENOR cP BE RECEIVER OE 
SELECT DRIVER CLOCK BUS LATCH OUTPUT 
ENABLE INPUT ENABLE ENABLE ENABLE 


BD002610 


other transceivers. For example, transmitted data can be 
stored in the receiver for subsequent retransmission. Also, 
received data can be output to the system and simulta- 
neously fed back to the driver input. 


The Am2928 is similar to the Am2927, but with a D-type 
edge-triggered register in the receiver and a receiver 
enable, ENREC, which functions as a common clock 
enable. eth 


Data from each D input is inverted at the bus output. 
Likewise, data at the bus input is inverted at the receiver 
output. 


All three-state controls and enable lines are active low (the 
Am2927 receiver latch is transparent when RLE is LOW). 
The select input, S, determines whether the enabled driver 
input accepts data from the data input, D, or from the 
corresponding receiver output, Y. Similarly, the select line 
determines whether the receiver accepts input data from 
the data bus, or the driver output. 


DIAGRAM 


Am2928 


ENREC cp OE 
DRIVER RECEIVER CLOCK OUTPUT 
ENABLE ENABLE INPUT ENABLE 


BD002600 


01032B 
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CONNECTION DIAGRAM 
Top View 


& 
3 
x) 
© 
x 
N 
~ 
> 
3 
RD 
© 
nN 
© 


CD004831 


CD005060 


Note: Pin 1 is marked for orientation 
*ENREC for Am2928 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am2927* 


) s 1 20. Vcc 


19 ENDR 
ALE 2 18 OF 
Ro 3 17 Ry 
Ay 4 16 Ag 
ALE * i Re ai ' 
BE Cae 
BUS, BUS, BUS, BUS, pre 
° a = J s —_—— 
BUS, 5 pee i 15 BUS, 
R, 6 14 Ro 
LS001101 
A, 7 13° Ag 
*ENREC for Am2928 
BUS, 8 12 BUS, 
CLK 9 11 ~=BE 
GND 10 


DIE SIZE. 0.087” x 0.144” 
NOTE: The Am2928 is similar to the 
Am2927, but with a D-type edge-triggered 
register in the receiver and a receiver en- 
able, ENREC, which functions as a common 
clock enable. 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2927/2928 D Cc B 
L_— Screening Option 


Blank -— Standard processing 


B — Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 20-pin CERDIP | 
L-28-pin leadiess chip carrier 
X- Dice 


Device type 
Quad 3-state Bus Transceivers 


5-238 


Valid Combinations 


DC, DM 
LC, LCB, LM, 


Am2927 
Am2928 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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-PIN DESCRIPTION 


Sc ei a 


Fee ee ee Clock Pulse to internal registers enters data on the LOW-to-HIGH transition. 
Saas ae Bus Enable. When Bus Enable is LOW the four drivers drive the BUS outputs. 


1/O | The four driver outputs and receiver inputs. 
st 
Sus. 


4,7, Do, a The four driver data inputs inverting from D to BUS. ) 
13, 16 Do, D3 

3, 6, Yo, Y1, The four receiver data outputs inverting from BUS to Y. 

14, 17) Yo, Y3, 


A Select input controls data path modes in conjunction with ENDR and RULE (or ENREC). 
[cages ae Output Enable. When Output Enable is LOW the four receiver outputs Y are active. 


ES li aa Driver Enable. Common clock enable for the input register. Allows the data on the D inputs to be loaded 


into the driver register on the clock LOW-to-High transition. 


Bebo /Zc6culy 


Receiver Latch Enable (Am2927 only). When Receiver Latch Enable is LOW, the four receiver latches are 
‘transparent.The latches hold received data when RLE is HIGH. 


Receiver Enable (Am2928 only). Common clock enable for the receiver register. Allows the BUS driver or 
previous receiver data to enter the receiver register on the rising edge of the clock. 


Am2927 FUNCTION TABLES 


Driver Register Control Receiver Latch Control 


. 10, Sa ee es ae 
[xp x | wad Provous Ootm —+4|s«s[_ x |x| | bettas 


Driver Register Output at Y output 
pc rae sane (Latch Transparent) 
Pt [Ht | toad tom BUS oe 
pot Ay ed Load Latched Receiver Data 


Am2928 FUNCTION TABLES 


Driver Register Control Receiver Register Control 


TENOR 8 [Driver Register] (ENON | 8 [ENREC | Receiver Owpat | 
Tx [x |W | Hold Previous Data 
Pn [| toa tom or Ra 


‘ 01032B 
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Am2927 AND Am2928 FUNCTION TABLE 


Control | Control input Condition Condition 
2 ar Flow 


Receiver 


Se eS Se 


*RLE for Am2917 (asynchronous) or ENREC for Am2928 ( _S ). 


Driver Input 
From 


Receiver Input 


APPLICATION 


DATA BUS 


CONTROL 


AF001800 


The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a 
high-speed bipolar microprocessor system. 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to +150°C 
-55°C to +125°C 


Storage Temperature 

Ambient Temperature Under. Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Output Current, Into Bus 

DC Output Current, Into Outputs 
(Except Bus) 

DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


0°C to +70°C 
+4.75V to +5.25V 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over eeeritina range unless otherwise specified 


Voc = MIN 


Receiver Output HIGH 
Voltage 


VOH 


Output LOW Voltage Vcc = MIN 
Input HIGH Level 


VIH 
Input LOW Level 


Input Clamp Voltage 3 


Nie Input LOW Current . 


Isc 


Notes: 
2. Typical limits are at V. 


Vin = Vin, or Vit 


Voc = 5.0V loH = -1004A | 3.0 4 


Vin = Vit or Vin 


Guaranteed input logical 
HIGH voltage for all in 


Voc = MAX, Vin = §.5V 


All other inputs 
All other inputs 


cS i 
fee 


1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
= 5.0V, 25°C ambient and maximum loading. 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. This parameter is typical of device characterization data and is not tested in production. 
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= Bus Output LOW Voltage 


-Am2927/Am2928 


Bus Output HIGH Voltage 


Voc = MAX 
BUS Enable = 2.4V 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
_4. This parameter is typical of device characterization data and is not tested in production. 
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SWITCHING TEST CIRCUIT 


TC001470 


Note: For standard totem-pole outputs, remove R41; S; and So closed. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Am2927 } 


Description 
C. (BUS) = 50pF 


t 
Driver Clock, CP, to BUS 

{PHL Ri (BUS) = 1302 
nee 

el Bas Enable BE io BO 

tHz « tiz Ri = 13082, CL = 5pF 


ee Min Clock Pulse Width (HIGH or LOW) es, 


—_ BUS to Receiver Output (Latch Enabled) 
tPHL 
tPLH =r 

Latch Enable, RLE, to Receiver Output 
tPHL 


COMMERCIAL MILITARY 


Test Conditions 
(Note 2) 


ck 
[o>] 
~s 
Nh 
ie) 


= 


tHz ¢ tLz 


tPLH 
tPHL 


tZH © tZL 


Data Inputs D, to Clock 
SS 11 
BUS to Latch Enable, RLE a 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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RD 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Am2928 


Am2928 
Parameters Description Test Conditions 
(Note 2) 


t C, (BUS) = 50pF 

ee Driver Clock, CP, to BUS L( ) P 

tPHL R_(BUS) = 1302 y 

t7H et ee a 

te Bus Enable, BE, to BUS . 

tHz ¢ tz RL=1302, CL=5pF} |© 92 | 16723 | , 


@ 
PLH Clock, CP, to Receiver Output 


tPHL 


Min Clock Pulse Width (HIGH or LOW) 


tZH ¢ tZL 
tHz « tLz 


Receiver Enable, ENMREC, to Clock 


S to Clock 
Data Inputs, D, to Clock 
th (Driver Register) 3 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 


ts 


type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2930 


Program Control Unit 


DISTINCTIVE CHARACTERISTICS 


Powerful, 4-bit slice address controller for memories 
Useful with both main memory and microprogram mem- 
ory 

Expandable to generate any address length 

Executes 32 instructions 

Capable of executing branch and subroutine call 
and return 

Twelve different relative address instructions 
Including JUMP-TO-SUBROUTINE relative and RE- 
TURN-FROM-SUBROUTINE relative 


@ Built-in condition code input 
Sixteen instructions are dependent on external con- 
dition control 
Seventeen-level push/pop stack 
On-chip storage of subroutine return addresses 
nested up to 17 levels deep 
Separate incrementer for program counter 
A relative address may be computed and PC may 
be incremented by one on a single cycle 


GENERAL DESCRIPTION 


The Am2930 is a four-bit wide Program Control Unit 
intended to perform machine level addressing functions, 
although the device can also be used as a microprogram 
sequencer. Four Am2930's may be interconnected to 
generate a 16-bit address (64K words). The Am2930 
contains a program counter, a subroutine stack, an auxiliary 
register, and a full adder for computing relative addresses. 


The Am2930 performs five types of instructions. These are: 
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional 
Jump-to-Subroutine; 4) Conditional Return-from-Subrou- 
tine; and 5) Miscellaneous Instructions. 


There are four sources of data for the adder which 
generates the Address outputs (Yo-Y3). These are: 1) the 
Program Counter (PC); 2) the Stack (S); 3) the auxiliary 
Register (R); and 4) the Direct inputs (D). Under control of 
the Instruction inputs (I9-I4), the multiplexers at the adder 
inputs allow various combinations of these terms to be 
generated at the three-state Y address outputs. The 
instruction lines also control the updating of the program 
counter and the auxiliary register. A condition code input is 
provided for conditional instructions. 4 
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Am2930 


CONNECTION DIAGRAM 
Top View 


Chip-Pak™™ 
L-28-1 


E i 


ta 
2 


UL 


CD004730 


CD004350 


*F-28 pin configuration identical to D-28. 
Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


LOGIC SYMBOL 


TARE 2029 26 20 19 18 17 


Dp 0; 05 03 
EMPTY 


FULL 
Ci+g 
Cn+4 


G 


P 


LS001050 


DIE SIZE: 0.133” x 0.200” 
Pad numbers correspond to DIP pinout 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


_ Am2930 D Cc = Valid Combinations 
Screening Option 
Blank — Standard processing ns wisi 
B — Burn-in Am2930 
LC, LMB 
Temperature (See Operating Range) XC. XM 
C —Commercial (0°C to + 70°C) : 
M —- Military (-55°C to + 125°C) 
Package 
D- 28-pin CERDIP 
F — 28-pin flatpak 
L -28-pin leadless chip carrier Valid Combinations 
X- Dice Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 


Program Control Unit combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 


ck Ace The five Instruction control lines to the Am2930, used to establish data paths and enable internal registers. 


pce The Instruction Enable Input, used to enable and disable internal registers. When TEN is LOW, all internal 
CC 


registers are under control of the Instruction inputs. When IEN is HIGH, all internal registers except R are 
inhibited from changing state. R is controlled by the RE input. The TEN input does not affect the combinatorial 
data paths and the outputs established by the Instruction inputs. 


The Condition Code input determines whether or not a conditional instruction (Instructions 16-31) is performed. 
if CC is LOW, the conditional instruction is executed. If CC is HIGH, Fetch PC (Instruction 1) is executed. The 
CC input may be either HIGH or LOW for unconditional instructions (Instructions 0-15). 


The Register Enable input for the Auxiliary Register (R). A LOW on RE causes the Auxiliary Register (R) to be 
loaded from the D inputs unless Instruction 8 or 9 is being executed and JEN is LOW. 


The carry-in to the Full Adder. 
The carry-out of the Full Adder. 


Oe | The carry generate and propagate outputs of the Full Adder. - 
ae ee The carry-in to the program counter incrementer. 


3 


i?) 
3 

+ 
eS 


X<}]O};O 
7 o+ 
@o i> 


The carry-out of the program counter incrementer. 
The four address outputs of the Am2930. These are three-state output lines. When enabled, they display the 
outputs of the Full Adder. 


Output Enable. When OE is HIGH, the Y outputs are OFF (high-impedance); when OE is LOW, the Y outputs 
are active (HIGH or LOW). 


The four Direct inputs which are used as inputs to the Auxiliary Register, the RAM, and the Full Adder, under 
instruction control. 


PSUS Ars of -Lisntole® aa The Empty output is LOW when the Stack is empty. . 
| 2. {Ful ~=—————S—S«Y Ss The Full output is LOW when the LIFO stack is full—during and after the 17th push operation. 


CP The clock input to the Am2930. All internal registers (R, SP, PC) and the RAM are updated on the LOW-to- 
HIGH transition of the clock input. 
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ARCHITECTURE OF THE Am2930 


The Am2930 is a bipolar Program Control Unit intended for 
use in high-speed microprocessor applications. The device is 
a cascadable, four-bit slice such that three devices allow 
addressing of up to 4K words of memory and four devices 
allow addressing of up to 64K words of memory. 


As shown in the Block Diagram, the device consists of 
the following: 
1. A full adder with input multiplexers 
2. A Program Counter Register with an incrementer and 
an input multiplexer | 
3. A 17x4 Last-in, First-Out (LIFO) stack consisting of 
an input multiplexer, a 17x 4 RAM, and a Stack 
Pointer 
4. An auxiliary register with an input multiplexer 
5. An instruction decoder 
6. Four 3-state output buffers on the address outputs 


The following paragraphs describe each of these blocks in 
detail. 


Full Adder 


The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition and provision is made for further 
lookahead by including both carry propagate (P) and carry 
generate (G) outputs. In slower systems, the carry output 
(Cr +4) can be connected to the next higher Cp, to provide 
ripple block arithmetic. The carry input to the adder (C,) is 
internally inhibited during those instructions which do not 
require an addition to be performed. For these instructions, the 
data is passed directly through the adder, independent of the 
state of Cp. 


The multiplexers at the A and B inputs of the adder are 
controlled by the Instruction decoder which selects the appro- 
priate adder inputs for the selected instruction. 


Program Counter 


The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the 
incrementer output on the LOW-to-HIGH transition of the 
clock input (CP) at the end of every instruction. 


The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj + 4) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Cj. 
Therefore, it is possible to control the entire cascaded 
incrementer from the C; input of the least significant device; a 
LOW on the C; input of the least significant device will simply 
pass the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be increment- 
ed before they are loaded into PC. During three instructions 
(unconditional Hold and conditional Hold and Suspend when 
the CC input is LOW), the Cj; input is internally inhibited; 
therefore, data is passed from the multiplexer output to the PC 
without incrementing. The multiplexer selects the input to the 
incrementer from either PC or the output of the Full Adder, 
depending upon the instruction being executed. During the 
Jump, Jump-to-Subroutine, and Return instructions, the multi- 
plexer chooses the Full Adder outputs as the input to the 
incrementer if the CC input is LOW. The Full Adder output is 
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also selected for the Reset instruction. For all other instruc- 
tions, the PC is selected as the input to the incrementer. 


17x 4 LIFO Stack 


The 17 x 4 LIFO stack consists of a multiplexer, a 17 x 4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 


The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 


Data is pushed onto the Top of the Stack from either D or PC. 
It is written into memory location SP+ 1. The SP is increment- 
ed on the LOW-to-HIGH clock transition at the end of the 
cycle so that it still points to the last data written into the RAM. 


For a Pop operation, the contents of the RAM are not 
changed, but the SP is decremented at the end of the cycle so 
that it then points to the new Top of the Stack. 


The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 


The active LOW Empty output (EMPTY) is LOW when the 
stack is empty (after the Reset instruction and after the last 
word has been Popped from the stack); the active LOW Full 
output (FULL) is LOW either when the stack is full or when the 
current instruction being executed will fill the stack (during and 
after the 17th Push). 


Auxiliary Register (R) 


The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Register 
Enable input (RE) is LOW or if the Instruction inputs call for it 
to be loaded. When RE is LOW, R is loaded from the D inputs 
unless the Instruction dictates that R be loaded from the 
output of the Full Adder. 


Instruction Decoder 


The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 


For unconditional instructions, the CC input is not utilized; it 
may be either HIGH or LOW. For conditional instructions, if CC 
is LOW, the condition is met and the conditional operation is 
performed; if CC is HIGH, a Fetch PC is performed. 


Output Buffers 


The Address outputs (Yo-Y3) are three-state drivers which 
may be disabled either under Instruction control or by a HIGH 
on the Output Enable input (OE). Disabling the Y outputs does 
not affect the execution of instructions inside the Am2930. 


Instruction Enable 


When HIGH, the Instruction Enable input (IEN) forces PC and 
SP into the hold mode and disables the write circuitry to the 
RAM. The auxiliary register (R) is under control of the RE input 
when IEN is HIGH, independent of the state of the Instruction 
inputs. The IEN input does not affect the combinatorial data 
paths or Y outputs in the Am2930. The data paths are 
selected by the Instruction and CC inputs and are not affected 
by JEN. . 
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Am2930 INSTRUCTION SET 


The Am2930 Instruction set can be divided into five types of 
instructions. These are: 

@ Unconditional Fetches 

® Conditional Jumps 

@ Conditional Jumps-to-Subroutine 

@ Conditional Returns-from-Subroutine 

@ Miscellaneous Instructions 


The following paragraphs describe each of these types in 
detail. 


Unconditional Fetches 


As can be seen from Table 1, there are nine unconditional 
Fetch instructions (Instructions 1-9). Under control of the 
Instruction inputs, the desired value is placed at the Y outputs. 
For all Fetch instructions, PC is incremented if C of the least 
significant device is HIGH. For Instructions 1 through 7, the 
auxiliary register is under control of the RE input. For Instruc- 
tions 8 and 9, R is loaded with PC and R + D, respectively. The 
RAM and Stack Pointer are not changed during a Fetch 
instruction. 


Conditional Jumps 


There are six conditional Jump instructions (instructions 16 
through 21). Under control of the Instruction inputs, the 
desired value is placed at the Y outputs. Additionally, the value 
is incremented if Cj of the least significant device is HIGH and 
loaded into PC. During these instructions, R is controlled by 
RE. The RAM and Stack Pointer are not changed during these 
instructions. The above operations are performed if the CC 
input is LOW; if CC is HIGH, a Fetch PC operation is 
performed. 


Conditional Jumps-to-Subroutine 


There are six conditional Jump-to-Subroutine instructions 
(Instructions 22 through 27). Under control of the Instruction 
inputs, the desired value is placed on the Y outputs. On the 
rising edge of the clock the value is incremented* and loaded 
into PC; PC is loaded into the RAM at location SP + 1, and SP 
is incremented. 


As with Conditional Jump Instructions, R is controlled by RE 
and whether the Jump-to-Subroutine or Fetch PC is performed 
depends upon the state of the CC input. 


Conditional Returns-from-Subroutine 


There are two conditional Return-from-Subroutine instructions 
(Instructions 28 and 29). Under control of the instruction 
inputs, either S or S + D is placed at the Y outputs. Additional- 
ly, the selected value is incremented* and loaded into PC and 
SP is decremented at the end of the cycle (on the rising edge 
of the clock). 


*If Cj of the least significant device is HIGH. 
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As with the Condition Jump and Jump-to-Subroutine Instruc- 


tions, R is controlled by RE and whether the Return-from- — 


Subroutine or Fetch PC is performed depends upon the state 
of the CC input. 


Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
individually. 

Reset (instruction 0) 


The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the C; input of the least 
significant device, and resets SP. The RAM is unchanged and 
R is controlled by RE. 


Load R (instruction 10) 


This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon C; of the least 
significant device. The SP and RAM are not changed. 


Push PC (instruction 11) 


This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 


Push D (instruction 12) 


This instruction is the same as Fetch PC except that D is 
loaded into the RAM and SP is incremented at the end of the 
cycle; i.e., external data is Pushed onto the stack. 


Pop S (Instruction 13) 


This instruction places the Top of the Stack (S) at the Y 
outputs and decrements SP at the end of the cycle. The PC is 
incremented if the Cj input of the least significant device is 
HIGH. R is controlled by RE. 


Pop PC (Instruction 14) 


This instruction is the same as Fetch PC except SP is 
decremented at the end of the cycle, causing the data at the 
top of the stack to be lost. 


Hold (instruction 15) 


This instruction places PC at the Y outputs and inhibits any 
change in PC, SP, and RAM. R is controlled by RE. 


Conditional Hold (instruction 30) 


This instruction is the same as Hold except CC must be LOW. 
lf CC is HIGH, the Fetch PC instruction is performed. 


Suspend (instruction 31) 


The Suspend instruction is the same as the Conditional Hold 
instruction except the Y outputs are forced into the high- 
impedance state if CC is LOW. 
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TEST (FETCH PC) 
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TABLE | - Am2930 INSTRUCTION SET 


Next State (after cP _! ) (Note 3) 


"O''+C; 
PC +C;j 
PC +Cj 
PC + Cj 
PC + Cj 
PC +Cj 
PC + Cj 
PC +Cj 
PC +Cj 
PC +Cj 
PC +Cj 
PC +C; 
PC + Cj 
PC+ Cj 
PC +C; 


av0000000 90 


D 
+ 
+ 
2) 
=] 
4 


PC..Loc SP +1 
D Loc SP +1 


prerroOSrrrrirais 


0 o000009 


PC + Cj 


R+Cj 
D+(C; 


PC.Loc SP +1 
PC.Loc SP + 1 
PC..Loc SP +1 
PC.Loc SP +1 
PC.Loc SP +1 
PC..Loc SP +1 
, ‘€ 


$+D+C,+C; 


o0000000000 00000 


SP — Stack Pointer 
D - Direct Inputs 


PC - Program Counter 
R - Auxiliary Register 


S - Stack Top 


Notes: 1. When TEN is HIGH, the Yo-Y3 outputs contain the same data as when JEN is LOW, as determined by Io-l4 and CC. 


2. Z = High impedance state (outputs ''OFF'’). 
3. -— = No change. 


APPLICATIONS 


The Am2930 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 


The Direct inputs (D) of the Am2930 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8-bit Registers), and the output of the 
Am2901's via a 16-bit register. 


The Address outputs (Y) of the Am2930 are loaded into a 16- 
bit Memory Address Register (MAR). Although the MAR is 
shown as part of the CPU, in some applications it may be part 
of the memory. 


An Am2902 High-Speed Lookahead Carry Generator is uti- 
lized to provide high-speed relative and indexed addressing. In 


slower systems, the Cp +4 output can be wired to the next 
higher Cy, input to provide ripple block arithmetic. 


The Condition Code input (CC) is derived from the same 
condition code multiplexer which generates the condition code 
input for the microprogram sequencer. 


The control inputs of the Am2930 (Ip — 4, IEN, RE, OE, and C; 
and Cr of the least significant device) are shown originating at 
the Pipeline Register. Although it is not shown in Figure 1, it is 
possible to share the Pipeline Register outputs which go to 
these pins with another device. This can be accomplished if 
both the Am2930 and the other device do not operate on the 


- same microcycle. Forcing the TIEN input HIGH inhibits any 
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changes in the Am2930 internal registers, independent of the 
state of these seven inputs. This allows the Am2930 to be 
placed in a hold mode while the other device is using the same 
Pipeline Register outputs as control signals. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential Supply Voltage 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcc max 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Am2930 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) 
ee . : one =taa 
a » “n+4 
Output HIGH Voltage en igs Via (Sit 


Y 
VOH 
P 
lo. = 20mA 
(COM'L) 
Voc = MIN 
VoL Output LOW Voltage | Vin = Vit or Vin 


Typ 
(Note 1) 


5 


A 


‘ 


Yo. Yt, ¥2 ¥3 Tio, = 16mA (MIL) 
Input HIGH Level (Note 4) 


G, Ch+4 Ci+4 lo, = 16mA 
P, FUL lo, = 12mA 

iNeed tet 2 i 

Input Clamp Voltage Voc = MIN, lin =-18mMA 


lo-4, 
Input LOW Current Voc = MAX, Vin = 0.5V 


Input HIGH Current Voc = MAX, Vin = 2.7V 
Ch 


aa 
a 


ad 

rm 

p 
et 


9]°]a/3 
ri 


Input HIGH Current Voc = MAX, Vin = 5.5V 
Output Short Circuit oe 
Current (Note 3) Voc = MAX 
ey4e aR Vout = 0.5V 
Output OFF Current ace er Vout = 2.4V 


ftom. i : 
flow . 
— 
Neseiete oe 
Power Supply Current (Note 5) | Vcc = MAX 
je 


NL 
loc 

Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4 
5 


. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 
. Minimum Icc is at maximum temperature. 
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SWITCHING TEST CIRCUIT 


A. THREE STATE OUTPUTS B. NORMAL OUTPUTS 
Vee 
S2 Vec 
Sy " S, : Ry 
Vout oor Vout oo 
CO Ro C, 


TCRO1370 


sigan 


TCRO1350 
2 5.0 - Vee - VoL Se 2.4V 
lot + Vo_/1K j lOH 
5.0 - Vee - VoL 
lo. + Vo.i/Re 


Notes: 1. C_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. S;, Sz, Sg are closed during function tests and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpz}, test. 
S; and Sg are closed while Sg is open for tpz, test. 
4. C_-5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2930 


FULL 
EMPTY 


a 
Cn+4 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices."' 
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Am2930 SWITCHING CHARACTERISTICS 


Tables A, B, C and D define the timing characteristics of the Am2930. Measurements are made at 1.5V with Vii = OV and 
Vin = 3.0V. For three-state disable tests, C, = 5.0pF and measurement is to 0.5V change on output voltage level. 


|. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE 
Voc = 4.75 to 5.25V, Ta =0 to 70°C 


TABLE IA 
Clock Characteristics. 


Minimum Clock LOW Time | 31ns | 
Minimum Clock HIGH Time | 33ns_ 


TABLE IC 
Combinational Propagation Delays. 
All in ns. 

Outputs fully loaded. C_ = 50pF. 


To Output 


ae Ci+4 
Cn+4| l4=Li{l4= cc 
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TABLE IB 
Output Enable/Disable Times. 
All in ns. 
C, = 5.0pF for output disable tests. 


|_From_| To | Enable | Disable _ 
oe ee 


to 
(Note 1) yf | 
14-0 


Note 1: ''Suspend"’ instruction. 


TABLE ID 
Set-up and Hold Times. All in ns. 
All relative to clock 
LOW-to-HIGH transition. 


Time | Time 
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il. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE 
Voc = 4.5 to 5.5V, To =-55 to + 125°C 


TABLE IIA TABLE IIB 
Clock Characteristics. Output Enable/Disable Times. 


All in ns. 
Minimum Clock LOW Time | 35ns_| 


C, = 5.0pF for output disable tests. 
Minimum Clock HIGH Time | 35ns_ | | From | To | Enable | Disable 


ee a 


cc 
fom oY] © | 2 
14-0 
json] Y| | 


Note 1: "Suspend" instruction. 


TABLE IiC TABLE |ID 


> 
; 
@ 
=) 


Combinational Propagation Delays. Setup and Hold Times. All in ns. 
All in ns. All relative to clock 
Outputs fully loaded. Cy = 50pF. LOW-to-HIGH transition. 


To Output 


BE Ci+4 
Cn+4)l4=L)l4=H Empty 


Time | Time 


ee ee 
eee | Oo 
Le Gee. A 
Ch 


aT 


eae) 4 

oe 164 
eee [= [+ 
I4-0 = 0-8 or 10-15) 

Bie ee 

i ee 


D (All other conditions) 


Notes on Testing | cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


Incoming test procedures on this device should be carefully 


planned, taking into account the high complexity and power 4. Use extreme care in defining input levels for AC tests. Many 

levels of the part. The following notes may be useful: inputs may be changed at once, so there will be significant 

noise at the device pins and they may not actually reach Vj, 

1. Insure the part is adequately decoupled at the test head. or Vix until the noise has settled. AMD recommends using 
Large changes in Vcc current when the device switches Vit SOV and Viy = 3.0V for AC tests. 


may Cause erroneous function failures due to Voc changes. 


5. To simplify failure analysis, programs should be designed to 
2. Do not leave inputs floating during any tests, as they may perform DC, Function, and AC tests as three distinct groups 
start to oscillate at high frequency. of tests. 


3.Do not attempt to perform threshold tests at high speed. 6. To assist in testing, AMD offers complete documentation on 
Following an input transition, ground current may change by our test procedures and, in most cases, can provide 
as much as 400mA in 5-8ns. Inductance in the ground Fairchild Sentry programs, under license. 
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RRENT INTERFACE CONDITIONS 
Driven Inputs 


Te 
WH 
: C,, 8 ALL OTHERS 
iC000570 ICOO0560 


INPUT/OUTPUT CU 


Am2930 


Note: Cj input is connected to both configurations in parallel. 


Driving Outputs 


ALL OTHER O/P’s Yo-3 
DRIVING OUTPUT DRIVING OUTPUT 


Note: Actual current flow direction shown. 


RELATED PRODUCTS 


Condition Code MUX 


For applications information, see Chapter V of Bit Slice Microprocessor Design, Mick & Brick, McGraw Hill Publications. 
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Program Control Unit/Push-Pop Stack 


DISTINCTIVE CHARACTERISTICS 


Powerful, 4-bit slice address controller for memories 
Useful with both main memory and microprogram mem- 
ory 

Expandable to generate any address length 

Executes 16 instructions 

Automatic generation of address and update of pro- 
gram counter for fetch cycles, branch cycles, and 
subroutine call and return 


@ Eight relative address instructions 
Including Jump relative and Jump-to-Subroutine rela- 
tive 
Seventeen-level push/pop stack 
On-chip storage of subroutine return addresses 
nested up to 17 levels deep 
Separate incrementer for program counter 
A relative address may be computed and PC may 
be incremented by one on a single cycle 


GENERAL DESCRIPTION 


The Am2932 is a four-bit wide Program Control Unit 
intended to perform machine level addressing functions, 
although the device can also be used as a microprogram 
sequencer. Four Am2932s may be interconnected to gen- 
erate a 16-bit address (64K words). The Am2932 contains a 
program counter, a subroutine stack, an auxiliary register, 
and a full adder for computing relative addresses. 


The Am2932 performs five types of instructions. These are: 
1. Fetch; 2. Jump; 3. Jump-to-Subroutine; 4. Return-from- 
Subroutine; and 5. Miscellaneous Instructions. 


There are four sources of data for the adder which 
generates the Address outputs (Yo-Y3). These are: 1. the 
Program Counter (PC); 2. the Stack (S); 3. the auxiliary 
Register (R); and 4. the Direct inputs (D). Under control of 
the Instruction inputs (I9-lg), the multiplexers at the adder 
inputs allow various combinations of these terms to be 
generated at the three-state Y address outputs. The 
instruction lines also control the updating of the program 
counter and the auxiliary register. 


BLOCK DIAGRAM 


*INTERNAL 
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CONNECTION DIAGRAM 
Top View 


Am2932 


Chip-Pak™ 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
(DIP) oo * 


1 19 18 17 16 18 14 13 


Voc 


lo 'y 2 Is 


DIE SIZE: 0.134” x 0.200” 
Pad numbers correspond to DIP pinout. 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2932 B Valid Combinations 


L— Screening Option DC, DCB, DMB 
Blank — Standard processing Am2932 LC, LMB 
B - Burn-in XC, XM 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M —Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

L-28-pin leadless chip carrier 

X- Dice Valid Combinations 


Consult the AMD sales office in your area to 
Device type ; determine if a device is currently available in the 
Program Control Unit combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 03641B 
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PIN DESCRIPTION 


|_Pin No. [Name __| 1/0 | Description 
| lo-3~——SSs«d| st ‘| The four instruction control lines to the Am2932, used to establish data paths and enable internal registers. 


Se a The carry-in to the Full Adder. 
The carry-out of the Full Adder. 


Crh 
Cj The carry-in to the program counter incrementer. 
Pp 


cee Ga The carry-out of the program counter incrementer. 


Ci +4 


Yo-3 The four address outputs of the Am2932. These are three-state output lines. When enabled, they display the 
outputs of the Full Adder. 


The four Direct inputs which are used as inputs to the Auxiliary Register, the RAM, and the Full Adder, under 
instruction control. 


The Full output is LOW when the LIFO stack is full- during and after the 17th push operation. 


Cc The clock input to the Am2932. All internal registers (R, SP, PC) and the RAM are updated on the LOW-to-HIGH 
transition of the clock input. 


BLOCK DIAGRAM 


7X4 
REGISTER 
STACK 
(S) 


{LIFO) 


PC 
MULTIPLEXER 


INSTRUCTION 
_ DECODER 


Yo-3 CP Voc GND 


BD002560 
*INTERNAL 
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Am2932 _ 


ARCHITECTURE OF THE Am2932 


The Am2932 is a bipolar Program Control Unit intended for 
use in high-speed microprocessor applications. The device is 
a cascadable, four-bit slice such that three devices allow 
addressing of up to 4K words of memory and four devices 
allow addressing of up to 64K words of memory. 


As shown in the Block Diagram, the device consists of the 
following: 


1. A full adder with input multiplexers 

2. A Program Counter Register with an incrementer and 
an input multiplexer 

3. A 17x4 Last-In, First-Out (LIFO) Sack consisting of an 
input multiplexer, a 17x 4 RAM, and a Stack Pointer 

4. An auxiliary register with an input multiplexer 

5. An instruction decoder 

6. Four 3-state output buffers on the address outputs 


The following paragraphs describe each of these blocks in 
detail. 


Full Adder 


The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition. The carry output (Cp + 4) can be 
connected to the next higher Cp, to provide ripple block 
arithmetic. The carry input to the adder (Cp) is internally 
inhibited during those instructions which do not require an 
addition to be performed. For these instructions, the data is 
passed directly through the adder, independent of the state of 
Ch. 


The multiplexers at the A and B inputs of the adder are 
controlled by the Instruction decoder which selects the appro- 
priate adder inputs for the selected instruction. 


Program Counter 


The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the 
incrementer output on the LOW-to-HIGH transition of the 
clock input (CP) at the end of every instruction. 


The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj + 4) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Cj. 
Therefore, it is possible to control the entire cascaded 
incrementer from the C; input of the least significant device; a 
LOW on the C; input of the least significant device will simply 
pass the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be increment- 


Am2932 INSTRUCTION SET 


The Am2932 Instruction set can be divided into five types of 
instructions. These are: 

@ Fetches 

@® Jumps 

@ Jumps-to-Subroutine 

@ Return-from-Subroutine 

@ Miscellaneous Instructions 


The following paragraphs describe each of these types in 
detail. 


Fetches 


As can be seen from Table |, there are four Fetch instructions 
(Instructions 4, 8, 9, 10). Under control of the Instructions 
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ed before they are loaded into PC. During the suspend 
instruction, the C; input is internally inhibited; therefore, data is 
passed from the multiplexer output to the PC without incre- 
menting. The multiplexer selects the input to the incrementer 
from either PC or the output of the Full Adder, depending upon 
the instruction being executed. During the Jump, Jump-to- 
Subroutine, and Return instructions, the multiplexer chooses 
the Full Adder outputs as the input to the incrementer. The Full 
Adder output is also selected for the Reset instruction. For all 
other instructions, the PC is selected as the input to the 
incrementer. 


17x 4 LIFO Stack 


The 17 x 4 LIFO stack consists of a multiplexer, a 17 x 4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 


The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 


Data is pushed onto the Top of the Stack from either D or PC. 
It is. written into memory location SP + 1. The SP is increment- 
ed on the LOW-to-HIGH clock transition at the end of the 
cycle so that it still points to the last data written into the RAM. 


For a Pop operation, the contents of the RAM are not 
changed, but the SP is decremented at the end of the cycle so 
that it then points to the new Top of the Stack. 


The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 


The active LOW Full output (FULL) is LOW either when the 
stack is full or when the current instruction being executed will 
fill the stack (during and after the 17th Push). 


Auxiliary Register (R) 


The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Instruc- 
tion inputs call for it to be loaded. 


instruction Decoder 


The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 


Output Buffers 


The Address outputs (Yo-Y3) are three-state drivers which 
may be disabled under Instruction control. 


inputs, the desired value is placed at the Y outputs. For all 
Fetch instructions, PC is incremented if Cj of the least 
significant device is HIGH. For Instruction 10, R is loaded with 
PC. The RAM and Stack Pointer are not changed during a 
Fetch instruction. 


Jumps 


There are three Jump instructions (Instructions 5, 11, 12). 
Under control of the Instruction inputs, the desired value is 
placed at the Y outputs. Additionally, the value is incremented 
if Cj of the least significant device is HIGH and loaded into PC. 
The RAM, Stack Pointer and R are not changed during these 
instructions. 
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| Jumps-to-Subroutine 


There are two Jump-to-Subroutine instructions (Instructions 13 
and 14). Under control of the Instruction inputs, the desired 
value is placed on the Y outputs. On the rising edge of the 
clock the value is incremented* and loaded into PC; PC is 
loaded into the RAM at location SP + 1; and SP is increment- 
ed. 


During these instructions, R is not changed. 
Return-from-Subroutine (Instruction 7) 


Under control of the instruction inputs, S is placed at the Y 
Outputs. Additionally, the value of S is incremented* and 
loaded into PC and SP is decremented at the end of the cycle 
(on the rising edge of the clock). During this instruction, R is 
not changed. 


Miscellaneous Instructions 


Each of the nine miscellaneous instructions is described 
individually. 


Reset (Instruction 0) 


The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the C; input of the least 
significant device, and resets SP. The RAM and R are 
unchanged. 


| Instruction 
Number 


Load R (Instruction 15) 


TABLE I-Am2932 INSTRUCTION SET 


Next State (after CP _S ) - Note 2 


This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Cj of the least 
significant device. The SP and RAM are not changed. 


Push PC (instruction 6) 


This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 


Push D (Instruction 2) 


This instruction is the same as Fetch PC except that D is 


loaded into the RAM and SP is incremented at the end of the | 


cycle; i.e., external data is Pushed onto the stack. 
Pop S (Instruction 3) 


This instruction places the Top of the Stack (S) at the Y 
outputs and decrements SP at the end of the cycle. The PC is 
incremented if the Cj input of the least significant device is 
HIGH. R is not changed. 


Suspend (instruction 1) 


The Suspend instruction inhibits any change in PC, SP, R and 
RAM and forces the Y outputs into the high impedance state. 


0 Bae oo ee ie "0" +C; ~ ~ 
1 bee es oe a Z (Note 1) - - - 
2 ee Getta ge 2 © PC PC + Cj - DLoc SP +1 
3 See Seer Gee | PC + Cj - - 
4 EERE 5 Sue MES i PC + Cj oe as 
5 a a D+C; = a 
6 Ba A ee ok PC + Cj - PC..Loc SP + 1 
7 Godt a oe $+Cj - 
8 Mee 5 ee PC +.C; - 
9 1 iE PC +R+Cp, PC + Cj = 
ote Saas « Bare © PC PC +C; PC 
A kik HH R R+Cj ~ 
a Beep bean maces © PC +R+C, PC +R+C,+C; - - 
ce oR sees teres R R+C; - PC..Loc SP +1 
| mes 2 aoe Seteoe & PC +R+C, ~ PC..Loc SP +1 
Ho ARH PC D - 


Notes: 1. Z= High impedance state (outputs ''OFF"’). 
2. - = No change. 


*If Cj of the least significant device is HIGH. 


APPLICATIONS 


The Am2932 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 


The Direct inputs (D) of the Am2932 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8-bit Registers), and the output of the 
Am2901Cs via a 16-bit register. 
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PC - Program Counter 
R - Auxiliary Register 
S -— Stack Top 


- For applications information, see Chapter V of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publications. 


SP - Stack Pointer 
D —- Direct Inputs 


The Address outputs (Y) of the Am2932 are passed to the 
address bus. 


The Cp + 4 output can be wired to the next higher C, input to 
provide ripple block arithmetic. 


The control inputs of the Am2932 (Ip.3, Cj and Cp, of the least 
significant device) are shown originating at the Pipeline 
Register. 
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Figure 1. Typical 16-Bit Microcomputer Design. 
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AF001811 


Io INSTRUCTION Y OUTPUTS 


i <b RESer "0" 

L oH SUSPEND Z (HIGH IMPEDANCE) 
H L PUSH D SEE NOTE 1 

++ ~--H--POR.-S TOP OF STACK 


Yo ¥1Y2 Y3 


AF001991 
Equivalent Logic Symbol for 
AM2932 with lo, Ig Grounded 


This figure shows the use of four Am2932s as a 17-word by 16-bit LIFO stack by grounding lo and |3. 
The effect of grounding I3 is shown in Figure 3. 


Note 1. During this instruction, PC is placed on the Y outputs. If C; is held LOW, the Y outputs will be 
LOW for this instruction after the device is initialized with a Reset instruction. 


Figure 2. Application of Four Am2932s as a 17-Word by 16-Bit LIFO Stack. 


cP 
Yo Y1 Y2 Y3 


AF002030 


Te | [we _| INSTRUCTION 


L L L RESET 

L L H SUSPEND 

L H L PUSH D 

& H H POP S 

H L L FETCH PC 
H L H JUMP D 

H H L PUSH PC 

H H H RETURN S 


AF002020 


rst: 
3 
- INSTR. 
pod DECODER ' 


AF002000 


Figure 3. Equivalent Circuit of Am2932 with I3 Grounded. 
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Am2932 


ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to +125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 


-0.5V to +7.0V 


-0.5V to +Vcc max 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, Into Outputs 


DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) 


Notes: 


Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 


Typ 
(Note 1) 


Paramet ony 
‘ a Y1; Yo, Y3 
| =-—1.6mA 
, Vis Output HIGH Voltage ean oe * oe < Volts 
ae 6 ae OEE Ts ec ee 
a | 
Yo Yu's Yo Peps iean wT Te Oe 
Vo. _| Output LOW Voltage Lr enn toceeee FARO pees a OS a 
pi ae tee ee eee oe 
out HIGH Lave (ot 4) err sues Sea Te 
Bisigda 5 Sus | vom 
ge oS Sa Cee I Rs ee 
eS eS ea es 
= 702 
n input LOW Current Veo=WAK Vyvrosy PRBS 
SS cag. | See e 
[Sees |e eee ae 
Input HIGH Curent veo=WAX vray POS 
es ses ee 
ae CL eae re on ae 
Output Short Circuit 
ee er ee 
Yoo = MAX 
sani ie lS ccs ee at 
eC eae Ce 
fo ee ee ee 
co rc Yoo = MAX oy ae Sa ee 
ae ee 


Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 
Minimum Icc is at maximum temperature. 


Ai 19 
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SWITCHING TEST CIRCUIT 


A. THREE STATE OUTPUTS B. NORMAL. OUTPUTS 
Vec 
S2 Vec 
S; Ry S; Ry 
Vout o—ox Vout o—o* 
oa Ro C, 


TCRO1370 


tL 
Pi 


TCRO1350 


5.0 - Vee - VoL 5.0 - VBE - VoL 
Ry = ———_ Ry = ————_ 
lo. + VoL lo. + Vor 
1K Re 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. S1, S2, Sg are closed during function tests and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpz} test. 
S; and Sg are closed while Sg is open for tpz, test. 
4. C_ = 5.0pF for output disabled tests. 


TEST OUTPUT LOADS FOR Am2932 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices."' 
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Am2932 SWITCHING CHARACTERISTICS 


Tables A, B, C and D define the timing characteristics of the Am2932. Measurements are made at 1.5V with Vi_ = OV and 
ViH = 3.0V. For three-state disable tests, C_ = 5.0pF and measurement is to 0.5V change on output voltage level. 


|. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE. 


Voc = 4.75 to 5.25V, Ta=0 to +70°C 


TABLE IA TABLE IC 
Clock Characteristics. Combinational Propagation Delays. 
All in ns. 


Minimum Clock LOW Time | 3ins | 
Minimum Clock HIGH Time | 33ns_ 


TABLE IB 
Output Enabie/Disabie Times. 
All in ns. 
C,. = 5.0pF for output disable tests. 


[From _| To | Enable | Disable _| 
ee ee ee 


TABLE ID 
Set-up and Hold Times. 
All in ns. 

All relative to clock 
LOW-to-HIGH transition. 


Note: 1. Instructions 5, 7, 11, 12, 13, 14. 


Outputs fully loaded. C_ = 5OpF. 


2. All instructions except 5, 7, 11, 12, 13, 14. 
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Voc = 4.5 to 5.5V, Tc = -55 to +125°C 
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TABLE IIA 
Clock Characteristics. TABLE IIC 
Combinational Propagation Delays. 


Minimum Clock LOW Time | 35ns_| All in ns. 
Minimum Clock HIGH Time] 35ns __ Outputs fully loaded. C_ = 50pF. 


To Output 


TABLE liB 
Output Enable/Disable Times. 
All in ns. 
C. = 5.0pF for output disable tests. 


[From [To | Enable | Disable | 
Tee | i 


TABLE lID 
Set-up and Hold Times. All in ns. 
All relative to clock 
LOW-to-HIGH transition. 


Note: 1. Instructions 5, 7, 11, 12, 13, 14. 
2. All instructions except 5, 7, 11, 12, 13, 14. 


Notes on Testing cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


Incoming test procedures on this device should be carefully 


planned, taking into account the high complexity and power 4. Use extreme care in defining input levels for AC tests. Many 

levels of the part. The following notes may be useful: inputs may be changed at once, so there will be significant 

noise at the device pins and they may not actually reach Vj, 

1. Insure the part is adequately decoupled at the test head. or Vix until the noise has settled. AMD recommends using 
Large changes in Vcc current when the device switches Vi SOV and Vi => 3.0V for AC. tests. 


may Cause erroneous function failures due to Vcc changes. 


5. To simplify failure analysis, programs should be designed to 


2. Do not leave inputs floating during any tests, as they may perform DC, Function, and AC tests as three distinct groups 
Start to oscillate at high frequency. of tests. 

3.Do not attempt to perform threshold tests at high speed. 6. To assist in testing, AMD offers complete documentation on 
Following an input transition, ground current may change by our test procedures and, in most cases, can provide 


as much as 400mA in 5-8ns. Inductance in the ground Fairchild Sentry programs, under license. 


RELATED PRODUCTS 


|_Part No. | Description 
Am2902A Carry Look-Ahead Generator 
Am2904 Status and Shift Control Unit 


Am2920 8-Bit Register 
Am2922 Condition Code MUX 
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DMA Address Generator 


@ DMA Address Generation 
Generates memory address, word count and DONE 
signal for DMA transfer operation. 

® Expandable Eight-bit Slice 
Any number of Am2940's can be cascaded to form 
larger memory addresses - three devices address 16 
megawords. 

@ Repeat Data Transfer Capability 

Initial memory address and word count are saved 

so that the data transfer can be repeated. 


The Am2940, a 28-pin member of Advanced Micro De- 
vices' Am2900 family of Low-Power Schottky bipolar LSI 
chips, is a high-speed, cascadable, eight-bit wide Direct 
Memory Access Address Generator slice. Any number of 
Am2940's can be cascaded to form larger addresses. 


The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data 
to or from a memory. It also maintains a data word count 
and generates a DONE signal when a programmable 
terminal count has been reached. The device is designed 


DISTINCTIVE CHARACTERISTICS — 


GENERAL DESCRIPTION 


@ Programmable Control Modes 
Provides four types of DMA transfer control plus 
memory address increment/decrement. 

@ High Speed, Bipolar LSI 
Advanced Low-Power Schottky TTL technology pro- 
vides typical CLOCK to DONE propagation delay of 
50ns and 24mA output current sink capability. 

@ Microprogrammable 
Executes 8 different instructions. 


for use in peripheral controllers with DMA capability or in 
any other system which transfers data to or from sequential 
locations of a memory. 


The Am2940 can be programmed to increment or decre- 
ment the memory address in any of four control modes, and 
executes eight different instructions. The initial address and 
word count are saved internally by the Am2940 so that they 
can be restored later in order to repeat the data transfer 
operation. 


BLOCK DIAGRAM 


INSTRUCTION 
(Ig~ty) 


Am2940 DMA Address Generator 


eee 


INSTRUCTIONS THAT LOAD REGISTERS 
CLOCKED WITH RISING EDGE OF CLOCK 


DATA MULTIPLEXER 


BD002450 


For applications information see the last part of this data sheet and Chapter VII of 


Bit Slice Microprocessor Design, by Mick and Brick, McGraw-Hill Publishers. 
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Device type 


CONNECTION DIAGRAM 


Top View 
F-28 


ee 3+,eFeseSBP®RseRzeRaeyse 


- 
an 


CD004630 


Chip-Pak™™ 


CD004740 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


Note: Numbers refer to DIP pin connection. 


LS001021 


3 BD 32828 2.26 
| 


12 13. 14 15.16 17 18-19 


DIE SIZE: 0.178” x 0.181” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


B 

L_ Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M —Military (-55°C to + 125°C) 


Package 

D- 28-pin CERDIP 

F -— 28-pin flatpak 

L—28-pin leadiess chip carrier 
X- Dice 


DMA Address Generator 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Valid Combinations 


DC, DCB, DMB 


FMB 
LC, LMB 
XC, XM 


Am2940 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


be cg umn 
YS anteimom  ee e 


Carry-out from the word counter 
: 1/O | External data. 


Am2940 ARCHITECTURE 


As shown in the Block Diagram, the Am2940 consists of the 
following: 
@ A three-bit Control Register 
An eight-bit Address Counter with input multiplexer 
An eight-bit Address Register 
An eight-bit Word Counter with input multiplexer 
An eight-bit Word Count Register 
Transfer complete circuitry 
An eight-bit wide data multiplexer with three-state output 
buffers 
Three-state address output buffers with external output 
enable control 
An instruction decoder 


Control Register 


Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines Dg-D7. Control 
Register bits 0 and 1 determine the Am2940 Control Mode, 
and bit 2 determines whether the Address Counter increments 
or decrements. Figure 1 defines the Control Register format. 


Address : Counter 


The Address Counter, which provides the current memory 


_address, is an eight-bit, binary, up/down counter with full look- 


ahead carry generation. The Address Carry Input (ACI) and 
Address Carry Output (ACO) allow cascading to accommo- 
date larger addresses. Under instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, Do-D7, or the Address Register. When enabled and the 
ACI input is LOW, the Address Counter increments/decre- 
ments on the LOW-to-HIGH transition of the CLOCK input, CP. 
The Address Counter output can be enabled onto the three- 
state ADDRESS outputs Ag-A7 under control of the Output 
Enable input, OEa. 


Address Register 


The eight-bit Address Register saves the initial address so that 
it can be restored later in order to repeat a transfer operation. 
When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, Do-D7. 


ae | 
ct foe hedoame 0 a 
ren | 


Transfer complete signal 
Clock input. Registers and counters change on the LOW-to-HIGH transition 


ue Address outputs under control of Output Enable input, OE,. 
| | | Address output enable 


Word Counter and Word Count Register 


The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the 
exception that the Word Counter increments in Control Modes 
1 and 3, decrements in Control Mode 0, and is disabled in 
Control Mode 2. The LOAD WORD COUNT instruction simul- 
taneously loads the Word Counter and Word Count Register. 


Transfer Complete Circuitry 


The Transfer Complete Circuitry is a combinational logic 
network which detects the completion of the data transfer 
operation in three Control Modes and generates the DONE 
output signal. The DONE signal is an open-collector output, 
which can be dot-anded between chips. 


Data Multiplexer 


The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word Counter, and Control 
Register to be read at the DATA lines, Do-D7. The Data 
Multiplexer and three-state Data Output Buffers are instruction 
controlled. 


Address Output Buffers 


The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines, Ap-A7, 
under external control. When the Output Enable input, OEa, is 
LOW, the Address output buffers are enabled; when OEag is 
HIGH, the ADDRESS lines are in the high-impedance state. 
The Address and Data Output Buffers can sink 24mA output 
current over the commercial operating range. 


instruction Decoder 


The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, Io-lo and 
Control Register bits, CRo-CR}. 


Clock 


The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW-to-HIGH transition of the CP 
signal. 
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Control Sie 


| CRo | | CR; | | CRo | 


orecwuiy 


DONE Output Signal 
Control Mode Control Word . 2 
Number Mode Type Counter WCi = LOW ce 

HIGH when HIGH when 

po Wor Count Equals ‘Zero Word Counter = 1 Word Counter = 
HIGH when HIGH when 

Word Count Compare Increment Word Counter + 1 
= Word Count Reg. 


Word Counter 
= Word Count Reg. 
a Address Compare HIGH when Word Counter = Address Counter 
aye eee Word Counter Carry Out Always LOW 


| CR2 | Address Counter 


L=LOW 
H = HIGH 


Figure 1. Control Register Format Definition. 


Am2940 CONTROL MODES 


Control Mode 0 - Word Count Equals Zero 
Mode 


In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW-to-HIGH transition of the clock input, CP. Figure 1 
specifies when the DONE signal is generated. 


Control Mode 1 —- Word Count Compare Mode 


In this mode the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and clears the Word 
Counter. When the Word Counter is enabled and the Word 
Counter Carry-in, WCi, is LOW, the Word Counter increments 
on the LOW-to-HIGH transition of the clock input, CP. Figure 1 


specifies when the DONE signal is generated. 
Control Mode 2 - Address Compare Mode 


In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 


5-271 


address is loaded into the Word Count Register and Word 
Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final memory address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de- 
pending on Control Register bit 2) on the LOW-to-HIGH 
transition of the CLOCK input, CP. The Transfer Complete 
Circuitry compares the Address Counter with the Word Count- 
er and generates the DONE signal during the last word 
transfer; i.e., when the Address Counter equals the Word 
Counter. 


Control Mode 3 - Word Counter Carry Out 
Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter increments on the LOW-to-HIGH transition of the 
CLOCK input, CP. A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is mig se 
LOW. 
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Am2940 


MICROINSTRUCTION REG. 


INTERNAL 3-STATE BUS 


MICROPROGRAM 
CLOCK 


TEST 
INPUT +5V 


SYSTEM ADDRESS BUS 
SYSTEM DATA BUS 


ASYNCHRONOUS 
INTERFACE 
CONTROL 
CIRCUITRY 


INTERFACE 
CONTROL 
SIGNALS 


PFO00981 


Figure 2. Am2940 Interconnections. 


Am2940 INSTRUCTIONS 


The Am2940 instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control Register; one instruction enables the Address and 
Word counters; and one instruction reinitializes the Address 
and Word Counters. The function of the REINITIALIZE 
COUNTERS, LOAD WORD COUNT, and ENABLE COUNT- 
ERS instructions varies with the Control Mode being utilized. 
Table 1 defines the Am2940 Instructions as a function of 
Instruction inputs Io-lo and the four Am2940 Control Modes. 


The WRITE CONTROL REGISTER instruction writes DATA 
input Do-Do into the Control Register; DATA inputs D3-D7 are 
"don't care"' inputs for this instruction. The READ CONTROL 
REGISTER instruction gates the Control Register outputs to 
DATA lines, Do-D2. DATA lines D3-D7 are in the HIGH state 
during this instruction. 


The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs 
to DATA lines Do-D7. The LOAD WORD COUNT instruction is 
Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
inputs Do-D7 are written into both the Word Count Register 
and Word Counter. In Control Mode 1, DATA inputs Do-D7 are 
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written into the Word Count Register and the Word Counter is 
cleared. 


The READ ADDRESS COUNTER instruction gates the Ad- 
dress Counter outputs to DATA lines Do-D7, and the LOAD 
ADDRESS instruction writes DATA inputs Do-D7 into both the 
Address Register and Address Counter. 


In Control Modes 0, 1, and 3, the ENABLE COUNTERS 
instruction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the Word 
Counter holds its contents. When enabled and the carry input 
is active, the counters increment on the LOW-to-HIGH transi- 
tion of the CLOCK input, CP. Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 


The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans- 
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 
cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 
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TABLE |. Am2940 INSTRUCTIONS 
Octal Control Word Word | Address | Address Control Data 
Code Mode Reg. | Counter; Reg. /| Counter | Register| Do-D7 
WRITE 
eee tees CONTROL WRCR HOLD HOLD HOLD HOLD |Do-D2.CR| INPUT 
REGISTER . 
READ 
ears © ~ CONTROL HOLD HOLD HOLD HOLD HOLD ee 
REGISTER (Note 1) 
READ 
Ries, eee 2 WORD RDWC 
COUNTER 
READ 
ADDRESS RDAC HOLD HOLD HOLD HOLD HOLD AC..D 
COUNTER 
REINITIALIZE | 0,23 | HOLD [WCR.wc|] HOLD | AR|AC | HOLD 
Skates COUNTERS ee 


HOLD |ZERO~WC| HOLD | AR=AC | HOLD 
LDAD DWC | HOLD HOLD HOLD INPUT 
WORD LDWC 
COUNT 


CR = Control Reg. WCR = Word Count Reg. 
AR = Address Reg. WC = Word Counter H = HIGH 
AC = Address Counter D = Data Z = High Impedance 


Note 1: Data Bits D3-D7 are high during this instruction. 


APPLICATIONS The Am2940 interconnections are shown in detail in Figure 2. 

Two Am2940's are cascaded to generate a sixteen-bit ad- 
The Am2940 is designed for use in peripheral controllers with dress. The Am2940 ADDRESS and DATA output current sink 
DMA capability or in any other system which transfers data to capability is 24mA over the commercial operating range. This 
or from sequential locations of a memory. One or more allows the Am2940's to drive the System Address Bus and 
Am2940's can be used in each peripheral controller of a Internal Three-State Bus directly, thereby eliminating the need 
distributed DMA system to provide the memory address and for separate bus drivers. Three-bits in the Microinstruction 
word count required for DMA operation. Register provide the Am2940 Instruction Inputs, Ig-l2. The 


Figure 3 shows a block diagram of an example micropro- microprogram clock is used to clock the Am2940's and, when 
grammed DMA peripheral controller. The Am2910A Micropro- the ENABLE COUNTERS instruction is applied, address and 
gram Sequencer, Microprogram Memory, and the Microin- word counting is controlled by the CNT bit of the Microinstruc- 
struction Register form the microprogram control portion of tion Register. 

this peripheral controller. The Am2940 generates the memory 

address and maintains the word count required for DMA Asynchronous interface control circuitry generates System 
operation. An internal three-state bus provides the communi- Bus control signals and enables the Am2940 Address onto the 
cation path between the Microinstruction Register, the System Address Bus at the appropriate time. The open- 
Am2917 Data Transceivers, the Am2940, the Am2901C collector DONE outputs are dot-anded and used as a test 


Microprocessor, and the Device Interface Circuitry. input to the Am2910A Microprogram Sequencer. 
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: ENABLE Sar HOLD COUNT HOLD COUNT HOLD 5 
COUNTERS Sigags HOLD HOLD HOLD ENABLE HOLD a 
COUNT 


hg 


Am2040 
COMMAND OMA ADDRESS 


MICROINSTRUCTION 
REGISTER 


MICRO- 
| PROGRAM 
| | CONTROL 


DEVICE 
er eg INTERFACE 
CIRCUITS 


DEVICE 


BD002221 


Figure 3. DMA Peripheral Controller Block Diagram. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES Fd 
Storage Temperature ...................0c008s -65°C to + 150°C Commercial (C) Devices g | 
Ambient Temperature Under Bias......... -55°C to +125°C WOMNNUAIOG 5. <,., « ses nlseabeesaaveasicanowack 0°C to +70°C © 
Supply Voltage to Ground Potential SR POUND fi iicescce ss cigie<sucnees +4.75V to +5.25V 

APIORIR oo, oy chs Soi cago og nccs oo 0c casas wee 7 0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For 
TVGUIDE ocak oo ken oo Su vecccuscacsecs -55°C to +125°C 
High Output State ..............esseseee. ~0.5V to +Vcc max Seank CE Nasir sesh acres teeaecewan +4.5V to +5.5V 
DOC laput Voltage ou... ccc.kes..ccscsedeeatees -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs .....................0ee 30mA ality of the device is guaranteed 
OX nee: Gurtent ane Sesser cd -30mA to +5.0mA : 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect. device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 

Description | Test Conditions (Note 2) Poe are 
: 

von [oma wan vom [Mwy [eouigrscsmm——] | |_| va 


MIL lo, = 8.0mA 
Voc = Min., WOO, ACO COM'L Io, = 12mA 
(Note 5) Ao.7, Do.7 MIL lol =16mA lo. = 16mA 


DONE 
ViH Guaranteed Input Logical HIGH voltage for all inputs 

Vin 
vi 


hie Input LOW Current Voc = MAX, Vin = 0.5V All 
Input HIGH Current Voc = MAX, Vin = 2.7V All Others 


IcEx Output Leakage on DONE Voc = MAX, Vo = 5.5V 
Input HIGH Current Voc = MAX, Vin = 5.5V 


oe ES 
Faae rs nner 
Se Sa 
iis oo Hee 2d 
ore oGtlne 3B 
ok gdb = S. 
2 ae 
se 
meee Ae 
Seer: eee 
Sea ace all 
a ee 
Bes See 
ES ea 
Si Saeed 
fshameie * saeaai 
Ss ae 


g§ 
N 
3 
w 


loz 
Output OFF Current 


Vout = 0.5V oe 
arse 
Do.7 


- 
Power Supply Current 
FM 


Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not 
functionally tested). 

lo limit on Aj and Dj (i= 0 to 7) applies to either output individually, but not both at the same time. The sum of the loading on Aj 
plus Dj is limited to 24mA MIL or 32mA COM'L. 


150 


«y 
ro) 


eR 
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SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 


Vec Vec 
R 
S, 1 
Vout o—o< 
| CL 
TC001081 TC001220 
TC001100 

2.4V 

Ro=—— 

lOH 

= 5.0- Vee - VoL 5.0 - Vee - VoL 4 5.0- VoL 
1 A CE PE aS Be Se re eee s Ee 
lor + VOL — lor + Vor lot 
1K Ro 


Notes: 1. Cy = 50pF includes scope probe, stray wiring and capacitances without device in test fixture. 


2. S;, Se, Sg are closed during function tests and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpz} test. 

S; and So are closed while Sg is open for tpz, test. 
4. C, = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2940 (DIP) 


Pin# Test 
— Pin Label oa 


For additonal information on testing, see section | 
"Guidelines on Testing Am2900 Family Devices." 
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SWITCHING CHARACTERISTICS 


orecuiy 


The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to- 
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns with C, = 50pF except output disable times (OE to A and | to D) which are specified or a 
5pF load. 


|. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2940DC (Ta =0 to +70°C, Voc = 4.75 to 5.25V, CL = 50pF) 


A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 


LOW-to-HIGH transition) |_input_ | ACO | WCO | Ao7 | DONE | Doz _| 


en i ee 
wees ao. 
ie ee ge 
anlprasscic ons posBich aS | FE iggee’ 2 divas safhev.v0% [if Poa af wt A saps igpae: 


WCi (Note 3) 
(Note 1) 


C. Clock Requirements D. Enable/Disbable Times 


[“Winimam Gock Low Tme [2 [vs] [From | To | Disable | tnabie [| _ 
[Minimum Gook HGH Tine [aa | me | = [we | Oop | as] as te 
weiner Case reweey = rpm: = EOE age ase ae 


ll. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 


Am2940DM, FM (Tc =-55 to + 125°C, Voc = 4.5 to 5.5V, Cy = 50pF) 


A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 
LOW-to-HIGH transition) 


xO Paes te tc te 
ares poe 
ar ee 8 ee 
ae Oe Pip ee ee ee 


WGI (Note 3) 
(Note 1) 


C. Clock Requirements | D. Enable/Disable Times 


Mirman Oo LOW Time [28 [=] [from] To | Disable | cnabie [| _ 
[wirimum ocx HIGH Tme [a5 | | [oe] oor] « | @ [wm 
gr meee ee ee 


Notes: 1. Control modes 0, 1, and 3 only. 
2. WC to DONE occurs only in control modes 0 
and 1. 
3. CP to DONE occurs only in control modes 0, 1, 
and 2. 
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Figure 4. Switching Waveforms. 


See Tables A for ts and tp for various inputs. See Tables B for combinational delays from clock and other inputs to outputs. 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 


1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current when the device switches 
may Cause erroneous function failures due to Voc changes. 


2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
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may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vj, 
or Viz until the noise has settled. AMD recommends using 
Vit SOV and Vip =3.0V for AC tests. 


5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 


6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 


03575B 
Refer to Page 13-1 for Essential Information on Military Devices 


Am2942 


Programmable Timer/Counter DMA Address Generator 


@ Expandable eight-bit slice 
- Any number of Am2942s can be cascaded. Three 
devices provide a 48-bit counter. 
® Reinitialize capability 
- Counters can be reinitialized from on-chip registers. 
@ Executes 16 instructions 
- Eight DMA instructions plus eight Timer/Counter 
instructions. 


The Am2942, a 22-pin version of the Am2940, can be used 
as a high-speed DMA Address Generator or Programmable 
Timer/Counter. It provides multiplexed Address and Data 
lines, for use with a common bus, and additional Instruction 
Input and Instruction Enable pins. The Am2942 executes 
16 instructions; eight are the same as the Am2940 instruc- 
tions, and eight instructions facilitate the use of the 
Am2942 as a Programmable Timer/Counter. The Instruc- 
tion Enable input allows the sharing of the Am2942 
instruction field with other devices. 


ciRCc 


INSTRUCTION 
ENABLE (ig) 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


TRANSFER COMPLETE 
VITRY 


For applications information see the last part of this data sheet and Chapter VII of 
Bit Slice Microprocessor Design, by Mick and Brick, McGraw-Hill Publishers. 
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@ Programmable control modes 
— Provide four types of control. 

® Two independent programmabie 8-bit up/down 
counters 


- Counters can be cascaded to form single-chip 16-bit 


up/down counter. 

@ High speed bipolar LSI 
- Typical count frequency of 25MHz and 24mA output 
current sink capability. 


When used as a Timer/Counter, the Am2942 provides two 
independent, programmable, eight-bit, up-down counters in 
a 22-pin package. The two on-chip counters can be 
cascaded to form a single chip, 16-bit counter. Also, any 
number of chips can be cascaded - for example three 
cascaded Am2942s form a 48-bit timer/counter. 


Reinitialization instructions provide the capability to reinitial- 


. ize the counters from on-chip registers. Am2942 Program- 


mable Control Modes, identical to those of the Am2940, 
offer four different types of programmable control. 


DATA MULTIPLEXER 
YoY? 


BD002520 
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Am2942 


CONNECTION DIAGRAM 


Top View 


CD004751 


Chip-Pak™ 
L-28 


CD004851 


*F-22 Pin Configuration identical to D-22 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


SPF PP PEPFPP 


LS000941 


METALLIZATION AND PAD LAYOUT 


V, 
pg DONE 


5RO00 - 


os _" ) 
a | 


er aera) 
ic i f i } 


say hy oe or a 


+, 


DIE SIZE: 0.181” x 0.178” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2942 — B 
L— Screening Option 
Blank — Standard processing 
B - Burn-in 
Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 
Package 
D- 22-pin CERDIP 
F—22-pin flatpak 
L-28-pin leadiess chip carrier 
X- Dice 


Device type 
DMA Address Generator 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
5-280 


Valid Combinations 


DC, DCB, DMB 


FMB 
LC, LMB 
XC, XM 


Am2942 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


loai= Tp] A) Selec one of aieen Kenton. 
(ain a Cee oe Se a TS 
PTs RRMA Se) = C9 Fe Me ETD 
Fie. cE. a es ee 
2 es Co [enone | 
cme LiL a a eee a 
Fo. OR) ic | | teleapMembeenood | omapoa mes Dew! 
5 ore Ns || ee 
DONE | Oo oral 
inv 


2 ee ee ae ae 


Transfer complete signal 
Pa oe Clock input. Registers and counters change on the LOW-to-HIGH transition. 


Am2942 ARCHITECTURE Word Counter and Word Count Register 


As shown in the Block Diagram, the Am2942 consists of the The Word Counter and Word Count Register, which maintain 
following: and save a word count, are similar in structure and operation 
A three-bit Control Register. to the Address Counter and Address Register, with the 
An eight-bit Address Counter with input multiplexer. exception that the Word Counter increments in Control Modes 
An eight-bit Address Register. — 1 and 3, decrements in Control Mode 0 and is disabled in 
An eight-bit Word Counter with input multiplexer. Control Mode 2. The LOAD WORD COUNT instruction simul- 


An eight-bit Word Count Register. taneously loads the Word Counter and Word Count Register. 
Transfer complete circuitry. 


An eight-bit wide data multiplexer with three-state output 
buffers. 
@ An instruction decoder. 


Transfer Complete Circuitry 


The Transfer Complete Circuitry is a combinational logic 
network which detects the completion of the data transfer 
CONTROL REGISTER operation in three Control Modes and generates the DONE 
Under instruction control, the Control Register can be loaded output signal. The DONE signal is a open-collector output, 
or read from the bidirectional DATA lines Do-D7. Control which can be dot-anded between chips. 
Register bits 0 and 1 determine the Am2942 Control Mode, 
and bit 2 determines whether the Address Counter increments Data Multiplexer 
or decrements. Figure 1 defines the Control Register format. 
_ The Data Multiplexer is an eight-bit wide, three-input multiplex- 
Address Counter er which allows the Address Counter, Word Counter and 
: Control Register to be read at DATA lines Do-D7. The Data 
The Address Counter, which provides the current memory Multiplexer output, Yo-Y7, is enabled onto DATA lines Do-D7 if 


address, is an eight-bit, binary, up/down counter with full and only if the Output Enable inout: OD. is LOW: (Refer to 
lookahead carry generation. The Address Carry input (ACI) Figure 2) P acon D: - ( 


and Address Carry Output (ACO) allow cascading to accom- 
modate larger addresses. Under instruction control, the Ad- 
dress Counter can be enabled, disabled, and loaded from the 
DATA inputs, Do-D7, or the Address Register. When enabled 
nd the ACI input is LOW, the Address Counter increments/ 
decrements on the LOW-to-HIGH transition of the CLOCK 
input, CP. 


Instruction Decoder 


The Instruction Decoder generates required internal contro! 
signals as a function of the INSTRUCTION inputs, Io-l3, 
Control Register bits, CRo-CR;, and the INSTRUCTION EN- 
ABLE input, Je. 


Address Register 


The eight-bit Address Register saves the initial address so that 

it can be restored later in order to repeat a transfer operation. The CLOCK input, CP is used to clock the Address Register, 
When the LOAD ADDRESS instruction is executed, the Address Counter, Word Count Register, Word Counter, and 
Address Register and Address Counter are simultaneously Control Register, all on the LOW-to-HIGH transition of the CP 
loaded from the DATA inputs, Do-D7. signal. 


Clock 
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Am2942 


Control Register 


DONE Output Signal 
Control Mode Control Word 1S 
Number Mode Type Counter WCI = LOW | WOi=HIGH: | 


; ; HIGH when HIGH when 
HIGH when HIGH when 
L H Word Count Compare 


Word Counter + 1 Word Counter 
= Word Count Reg. = Word Count Reg. 
eae eee eee Address Compare HIGH when Word Counter = Address Counter 


Increment 


H = HIGH 
L=LOW 


HIGH Z 


Am2942 CONTROL MODES 


Control Mode 0 - Word Count Equals 
Zero Mode 


In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW-to-HIGH transition of the CLOCK input, CP. Figure 1 
specifies when the DONE signal is generated in this mode. 


Control Mode 1 - Word Count Compare 
Mode 


In this mode the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and clears the Word 
Counter. When the Word Counter is enabled and the Word 
Counter Carry-in, WCI, is LOW, the Word Counter increments 
on the LOW-to-HIGH transition of the clock input, CP. Figure 1 
specifies when the DONE signal is generated. 


Control Mode 2 - Address Compare Mode 


In this mode, only an initial and final memory address need to 
be specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 
address is loaded into the Word Count Register and Word 
Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final memory address. 


| CR2 | Address Counter 


Figure 1. Control Register Format Definition. 


ee Oe 


DATA MULTIPLEXER OUTPUT, Yo - Y7 
H 


Figure 2. Data Bus Output Enable Function. 


When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de- 
pending on Control Register bit 2) on the LOW-to-HIGH 
transition of the CLOCK input, CP. The Transfer Complete 
Circuitry compares the Address Counter with the Word Count- 
er and generates the DONE signal during the last word 
transfer; i.e., when the Address Counter equals the Word 
Counter. 


Control Mode 3 - Word Counter Carry 
Out Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter increments on the LOW-to-HIGH transition of the 
CLOCK input, CP. A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. 


Am2942 INSTRUCTIONS 


The Am2942 instruction set consists of sixteen instructions. 
Eight are DMA Instructions and are similar to the Am2940 
instructions. The remaining eight instructions are designed to 
facilitate the use of the Am2942 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2942 Instructions. 
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Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input Do-Do into the 


Control Register; DATA inputs D3-D7 are ''don't care" inputs _ 


for this instruction. The READ CONTROL REGISTER instruc- 
tion gates the Control Register to Data Multiplexer outputs Yo- 
Y2. Outputs Y3-Y7 are HIGH during this instruction. 


The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter to Data 
Multiplexer outputs, Yo-Y7. The LOAD WORD COUNT instruc- 
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs Do-D7 are written into both the Word Count 
Register and Word Counter. In Control Mode 1, DATA inputs 
Do-D7 are written into the Word Count Register and the Word 
_ Counter is cleared. 


The READ ADDRESS COUNTER instruction gates the Ad- 
dress Counter to Data Multiplexer outputs, Yo-Y7, and the 
LOAD ADDRESS instruction writes DATA inputs Do-D7 into 
both the Address Register and Address Counter. 


In Control Modes 0, 1, and 3, the ENABLE COUNTERS 
instruction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the Word 
Counter holds its contents. When enabled and the carry input 
is active, the counters increment on the LOW-to-HIGH transi- 
tion of the CLOCK input, CP. Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 


The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 


of the Address Register and Word Count Register are trans- ~ 


ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 
cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 


When Ie is HIGH, Instruction inputs, Io-lo, are disabled. When 
Ig is LOW, the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be 
controlled by the carry inputs with the ENABLE COUNTERS 
instruction applied or with Instruction Inputs Ip-lo disabled. 


Instructions 8-F facilitate the use of the Am2942 as a 
Programmable Timer/Counter. They differ from instructions 0- 
7 in that they provide independent control of the Address 
Counter, Word Counter and Control Register. 


The WRITE CONTROL REGISTER, T/C instruction writes 
DATA input Do-Da into the Control Register. DATA inputs D3- 
D7 are ''don't care'' inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 


The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 


The Word Counter can be read, using the READ WORD 
COUNTER, T/C instruction. Both counters are enabled when 
this instruction is executed. 


When the READ ADDRESS COUNTER, T/C instruction is 
executed, both counters are enabled and the address counter 
contents appear at the Data Multiplexer output. 


The REINITIALIZE ADDRESS and WORD COUNTERS in- 
struction is identical to the REINITIALIZE COUNTERS instruc- 
tion and provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the 
Data Multiplexer output. 


DATA inputs Do-D7 are loaded into both the Address Register 
and Counter when the LOAD ADDRESS, T/C instruction is 
executed. The Word Counter is enabled and its contents 
appear at the Data Multiplexer output. 


The LOAD WORD COUNT, T/C instruction is identical to the 
LOAD WORD COUNT instruction with the exception that the 
Address Counter is enabled. 


The Word Counter can be independently reinitialized using the 
REINITIALIZE WORD COUNTER instruction. The Address 
Counter is enabled and the Word Counter contents appear at 
the Data Multiplexer output. 


When the Ie input is HIGH, Instruction inputs, I9-lo, are 
disabled. The function performed when |3 is HIGH is identical 
to that performed when |g is LOW, with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 


> 
3 
N 
© 
= 
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0 0 0 0 0 0 WRITE CONTROL REGISTER 
0 0 0 0 1 1 READ CONTROL REGISTER 
4) 0 0 1 0 2 READ WORD COUNTER 
0 0 0 1 1 3 READ ADDRESS COUNTER DMA 
0 0 1 0 0 4 REINITIALIZE COUNTERS INSTRUCTIONS 
0 0 1 0 1 5 LOAD ADDRESS 
0 0 1 1 0 6 LOAD WORD COUNT 
0 0 1 1 1 7 ENABLE COUNTERS 
1 0 X X X 0-7 INSTRUCTION DISABLE 
0 1 0 0 0 8 WRITE CONTROL REGISTER, T/C 
0 1 0 0 1 9 REINITIALIZE ADDRESS COUNTER 
0 1 0 1 0 A READ WORD COUNTER, T/C 
0 1 0 1 1 B READ ADDRESS COUNTER, T/C TIMER/COUNTER 
0 1 1 0 0 Cc REINITIALIZE ADDRESS & WORD COUNTERS INSTRUCTIONS 
0 1 1 0 1 D LOAD ADDRESS, T/C 
0 1 1 1 0 E LOAD WORD COUNT, T/C 
0 1 1 1 1 F REINITIALIZE WORD COUNTER 
1 1 x X X 8-F INSTRUCTION DISABLE, T/C 
0 = LOW X = DON'T CARE 


Notes: 1. When lg is tied LOW, the Am2942 acts as a DMA circuit: When lg is tied HIGH, the Am2942 acts 
as a Timer/Counter circuit. 
2. Am2942 instructions 0 through 7 are the same as Am2940 instructions. 


Figure 3. Am2942 Instructions. 
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Data 


Iglalilo Control Word Word Adr. Adr. Control Multiplexer 
(Hex) Mode Reg. Counter Reg. | Counter Reg. Output 
WRITE CONTROL FORCED 
READ CONTROL | CONTROL 
READ WORD WORD 
f Bol eit tou GOUNTER RDWC 0, 1, 2,3 | HOLD HOLD | HOLD | HOLD HOLD COUNTER 
READ ADDRESS ADR. 
. REINITIALIZE | 0,2,3 | HOLD | WR = WC | HOLD | AR = AC] HOLD ADR. CNTR. 
COUNTERS | 4s | HOLD [ZERO -. WC} HOLD | AR = AC] HOLD ADR. CNTR. 
LOAD WORD 
: LOAD WORD is | 0,2,3. [D ~ WR] D = WC | HOLD | HOLD HOLD FORCED HIGH 
COUNT | = 4——Ss« DD > ~WR]ZERO — WC] HOLD | HOLD HOLD FORCED HIGH 
; a ENABLE hase | 0,1,3 | HOLD | ENABLE | HOLD | ENABLE} HOLD ADR. CNTR 
COUNTERS pewtnas aes aS HOLD HOLD | ENABLE} HOLD ADR. CNTR. 
INSTRUCTION | 0,1,3 | HOLD | ENABLE | HOLD | ENABLE} HOLD ADR. CNTR. 
ite es DISABLE r 2 | HOLD | HOLD | HOLD |ENABLE| HOLD ADR. CNTR. 
WRITE CONTROL CONTROL 
REINITIALIZE ADR. 
bey ea ADR. COUNTER | . REAC Aes S HOLD | ENABLE | HOLD |AR = AC} HOLD COUNTER 
READ WORD WORD 
COUNTER, T/c | RWCT Pees | HOLD | ENABLE | HOLD | ENABLE] HOLD COUNTER 
READ ADDRESS ADR. 
; : prccicibain sr | 9,23 | How | wR we | Ho” |aR-— ac] HOLD ADR. CNTR. 
echoes HOLD |ZERO = WC| HOLD [AR = AC] HOLD ADR. CNTR. 


Am2942 


RAWC 
WORD COUNTERS 


LOAD WORD 


Pisfaee oe LOAD WORD er | 0,2,3  |D 4 WR} D = WC | HOLD | ENABLE} HOLD FORCED HIGH 
COUNT, T/C 


[4 JD — WA|ZERO ~ wo| HOLD [ENABLE| HOLD | FORCED HIGH _ 
Pe ania (gy: aie fates [= we Pe eee eae 
WORD COUNTER SW oat) [MOLD HOLD 

op NN fo: fa 8, Lf a Te ef 
et oe ee Ce a ee 


AC = ADDRESS COUNTER 
CR = CONTROL REGISTER 
D = DATA 


WR = WORD REGISTER 
WC = WORD COUNTER 
AR = ADDRESS REGISTER 


Figure 4. Am2942 Function Table. 


output signals indicate that a pre-programmed time or count 
has been reached. 


APPLICATIONS 
Figure 5 shows an Am2942 used as two independent, 


programmable eight-bit timer/counters. In this example, an 
Am2910A Microprogram Sequencer provides an address to 
Am27S27 512x8 Registered PROMs. The on-chip PROM 
output register is used as the Microinstruction Register. 


The Am2942 Instruction input, I3, is tied HIGH to select the 
eight Timer/Counter instructions. The Ig, Io-l2, and OEp inputs 
are provided by the microinstruction, and the Do-D7 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the respective Word 
Counter and Address Counter. The DONE, ACO and WCO 
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Figure 6 shows an Am2942 used as a single 16-bit program- 
mable timer/counter. In this example, the Word Counter carry- 
out, WCO, is connected to the Address Counter carry-in, ACi, 
to form a single 16-bit counter which is enabled by the GATE 


signal. 


Figure 7 shows two Am2942s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form 
the low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time. 
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AF001911 


Figure 5. Two 8-Bit Programmable Counters/Timers in a 22-Pin Package. 


DATA BUS 


Oo°07 ce -_ CLOCK 
Wei 


GATE 


AF001901 


Figure 6. 16-Bit Programmable Counter/Timer Using a Single Am2942. 
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Am2942_ 


CLOCK 


AF001921 


Figure 7. 32-Bit Programmable Counter/Timer Using Two Am2942s. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


‘Storage Temperature ..........0....0.cc0cce0e -65°C to + 150°C Commercial (C) Devices : 

(Ambient) Temperature Under Bias....... -55°C to +125°C WOMDOIGING 550 ios eee 0°C to +70°C 

Supply Voltage to Ground Potential MUDIIY VONBOO foot +4.75V to +5.25V 
SUIS 5s snobs cde oes ciessk SE -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For 
TUS TB UNG 5545 oa sons en vba casein cess -55°C to +125°C 
High Output State... reees —@.5V to +Voc max Signy WOUNR adh cick 0s: < a vacece ees iepinate +4.5V to +5.5V 
DC Input Voltage... bares gnrcinasqeueteice ames -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ................c..cec eee 30mA ality of the device is guaranteed 
er UE CAPONE «gis oy ess haviecs soo ice -30mA to +5.0mA g ; 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. : 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 2) ae el oe 
MIL Ion = -1.0mA 
Voc = MIN, PMO TOMA | 
cna sg COM'L loH==2.6mA pee] | | veto 


Te 
| = 
ieee 


Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs ay es ee Se 
Input LOW Level (Note 4) Guaranteed input Logical LOW voltage for all inputs 


Voc = MIN, 
Vin = Vin, or Vit 


Output LOW Voltage 


Input Clamp Voltage Voc = MIN, lin = -18mMA 


ie Input LOW Current Voc = MAX, Vin = 0.5V All Others 
Isc 


Input HIGH Current Voc = MAX, Vin = 2.7V All Others 


Output Leakage on DONE Voc = MAX, Vo = 5.5V 
Input HIGH Current Voc = MAX, Vin = 5.5V 


NGiteenes 
eed 
ee 
Basia 
Fes 
2 oe 
See fle 
coe ire Peas Circuit Current Voc = MAX + 0.5V, Vo = 0.5V | -90 | | -85 | ma | 
es aa | 
ee” 
ane: 
ea 
i ee 
bp 


VouT = 0.5V Do.7 
loz Neen EO ee 
Output OFF Current — 
Ho oven FF oe vere Vout = 2.4 Do.7 
Ta = 0°C to +70°C 
Am2942PC, DC TF A= +70°C 
Voc = MAX 


To =-55°C to + 125°C 
Am2942DM, FM I> = y959G 


. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not 
functionally tested). 


loc Power Supply Current 
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Am2942 


SWITCHING TEST CIRCUIT — 


A. THREE STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 


Voc 


Voc 
S, Ry S, Ry, 
Vout o—o¢ Vout o_o 
is | C 


TC001081 TC001220 
2.4V 5.0-Vol 
Ro = Fy = OL 
IOH IoL 
ce 5.0 - Vee - VoL R= 5.0 - Vee - VoL 
lot + VoL lot + VoL 
1K Ro 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. S;, Se, S3 are closed during function tests and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpz}, test. 
S; and So are closed while Sg is open for tpz, test. 
4. C, = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2942 (DIP) 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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SWITCHING CHARACTERISTICS 
The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to- 


HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns with C_ = 50pF except output disable times (I to D) which are specified for a 5pF load. 


I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2942, DC (Ta =0 to +70°C, Voc = 4.75 to 5.25V, C, = 50pF) 


& 
3 
ND 
© 
fe 
ND 


A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 
LOW-to-HIGH transition) 


Se 
CS ee BCE Bt ASE 


yal ee 


CP 
(Note 2) 


C. Clock Requirements D. Enable/Disable Times 


[Micra GooktOw Te [2 [ve] [From | Yo | Diable | enable | 
[Minimum Cook HGH Time fae [we] «= [OE [toy | | as |e 
[Maimum Glock Frequency [17 Mra 


Il. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2942DM, FM (Tc =-55 to +125°C, Voc = 4.5 to 5.5V, C, = 50pF) 


A. Set-up and Hold Times B. Combinational Delays 
(Relative to clock 
LOW-to-HIGH transition) 


C. Clock Requirements 


Minimum Clock LOW Time oe ee 
Minimum Clock HIGH Time ae 4 
Maximum Clock Frequency | 47 | MHz | 


Notes: 1. WCi to DONE occurs only in control modes 0 and 
7, 
2. CP to DONE occurs only in control modes 0, 1, 
and 2. 
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Am2942 


lL 


Zl 


Q 


CLOCK TO 


\ Neseseeeaetats 


* ) 
XX) 
PAA 


wm 


MINIMUM CLOCK 
OW TIME 


INPUT TO 
OUTPUT DELAY 


OUTPUT DELAY 


10; 0'0'0'4'0'0'0'0'0'0'0'0'0' 0000 6.0 Og) 


$0.6.000 0000000000000 00% 


SOOO Ot ier 
RK RR KKK KRY 


WF003101 


Figure 8. Switching Waveforms. 


See Tables A for ts and tp for various inputs. See Tables B for combinational delays from clock and other inputs to outputs. 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 


1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current when the device. switches 
may cause erroneous function failures due to Vcc changes. 


2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
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may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vj, 
or Vip until the noise has settled. AMD recommends using 
Vi SOV and Vip = 3.0V. for AC tests. 


5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 


6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2946/Am2947 


Octal Three-State Bidirectional Bus Transceivers 


© 8-bit bidirectional data flow reduces system package 
count 

@ 3-state inputs/outputs for interfacing with bus-oriented 
systems; PNP inputs reduce input loading 

® Vcc - 1.15VoH interfaces with TTL, MOS and CMOS 

@ 48mA, 300pF bus drive capability; Low power - 8mA per 

bidirectional bit 


The Am2946 and Am2947 are 8-bit state Schottky trans- 
ceivers. They provide bidirectional drive for bus-oriented 
microprocessor and digital communications systems. 
Straight through bidirectional transceivers are featured, 
with 24mA drive capability on the A ports and 48mA bus 
drive capability on the B ports. PNP inputs are incorporated 
to reduce input loading. 


Ao Ay A2 


fal 
rus 


OIsABLE SL 
(co) mel? 
a > 
(TM) 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


Am2947 


oGuh poe be: fh 


Bo 8, 82 


Am2946 has inverting transceivers. 
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@ Am2946 inverting transceivers; Am2947 noninverting 
transceivers; Transmit/Receive and Chip Disable simpli- 
fy control logic 

@ Bus port stays in hi-impedance state during power up/ 
down 


One input, Transmit/Receive, determines the direction of 
logic signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing them 
in a 3-state condition. Chip Disable is functionally the same 
as an active LOW chip select. 


The output high voltage (Voy) is specified at Voc - 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


Ag NM As Ag A7 


83 8, Bs Bg 87 
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Am2946/Am2947 


CONNECTION DIAGRAM 
Top View 


D-20-1 


16 15 


CD GND 
CD004760 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am2947 


Voc 
Ao 


ea Ey 
wicitne 


i aL 7 a 17; 77 
4 i] ey ts Sie 
ca i. 
dy CW diy Ls 
£ q DS nik Pf . 
P| eagles) | regi deer 
Paes } 
' va = t= - r 


cle pela & 
pia 


black 1a! 

af 

l 

y J 
NL se 
| hemlet) 


at 
> lO 


2 
3 
4 
5 
6 
7 
8 
9 


10 T/R 


DIE SIZE .069” x .089” 
Note: The Am2946 has inverting transceivers 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2946/2947 DBD. -.-¢ B Valid Combinations 


L_ Screening Option | PC 
Blank - Standard processing Am2946 DC, DCB, DM, 
B - Burn-in Am2947 DMB 


Temperature (See Operating Range) XC 
C -—Commercial (0°C to + 70°C) 
M —Military (-55°C to + 125°C) 


Package 


D- 20-pin CERDIP 
X- Dice Valid Combinations 


Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Bidirectional Bus Transceivers combination you wish. 
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PIN DESCRIPTION 


| eRe e OTA A TO A port inputs/outputs are receiver output drivers when T/R is LOW and are transmit inputs when T/A is HIGH. 
Sea | Seas B port inputs/outputs are transmit output drivers when T/R is HIGH and receiver inputs when T/R is LOW. 
Ee oes ee Chip Disable forces all output drivers into 3-state when HIGH (same function as active LOW chip select, CS). 


T/R Transmit/Receive direction control determines whether A port or B port drivers are in 3-state. With T/R HIGH A 
port is the input and B port is the output. 


LZy6culy /9pécuiy 


With T/R LOW A port is the output and.B port is the input. 


FUNCTION TABLE | | 


fe ae Conditions 


B Port In Out HI-Z 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..........c0cseeeeeeee -65°C to +150°C Commercial (C) Devices 

Supply Voltage ............0.-sccccssseccecscescsssocsseceesesnens 7.0V Temperature .........cccceeeeeeeeeereteettrerens 0°C to +70°C 
Input VONAGE, Kerns. ssnevvest onssa5 Bees |. ci dc ered 5.5V Supply Voltage ........ bedaaceaseeeenenenss +4.75V to +5.25V 
OUtDUT VONAGE . «.. =: nenecernn denne cats pep ves o08,o8 pel iae ina 5.5V a: : 

Lead Temperature (Solder, 10 seconds) ................ 300°C Sg eS ae He Pao Cees eee ~55°C to +125°C 
Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage ............ceeeeeeeeeeeeeeeees +4.5V to +5.5V 
RATINGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function- 
at or above these limits is not implied. Exposure to absolute ality of the device is guaranteed. 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


A PORT (Ao-A7) 


[ogical “T™ nput Volage OD = vi MAX, TR = 207 “a (Uae (Ses RE 
Lodical "0" inet Votlage = 20V ern Sues ora] 
CD = Vi. MAX, lon =-0.4mMA_ | Voc-1.15 | Voc-9.7 See 
Vor Logieal "1" Output Voltage 1/R= 08v cua fet fee 
Sige CD =Vi, MAX, [!oL = 12mA eee Se ee 
Vou Logeal "0" Oubput Vota T/Ri= bev _[COML lo. = 2am aang aE Se 
Fin [toad input Curt OD = Vi MAX, T/R=20v, Vi=27V caer Sa ke SG ES 
Ti input Current at Maximum Input Votage [OD = 20V, Voo MAX. Vi= Voc MAX Sor me 
Logical ''0"' Input Current CD = Vi_ MAX, T/R = 2.0V, V; = 0.4V ees BS SSeS Se ee 
input Clamp Votage ]e0=2.0V, Iw==12mA ie ae 
ee ToL eee ee Ee 
Output/Input 3-State Current CD = 2.0V pA 
0 = 4.0V Re An Be ee 
B PORT (Bo-B7) 
Copia “7 Input Votiags GO= Vi MAK T= Vi MAX 5S) San SS ES 
Vit Logical ‘'0" Input Voltage a oe. — : eee Ses Ee Volts 
iL 
A Voc- 1.15 Voc- 0.8 aes 
VoH Logical ''1" Output Voltage ae aco 
vou oes "9 ke ee a ve 
Tin [Load Tapat Goren Dav MTA Mae | 
ry input Garant at Minimum input Viage [CD = 20V, Voo= MAX. Vi= Vos MAX Se ae 
Logical "0" input Curent Som Va MAK T= VL MAK Vi-oav |i 
input Clamp Votage CD =20V, I= = 12mA ae ne vee 
Output/Input 3-State Current CD = 2.0V pA 
0 = 4.0V Peas SEO BS 
CONTROL INPUTS CD, T/R 
vin Cogical "1" Taput Volage Se 
3 mt Te 
vi Logical "0 Input Voltage <a 
EA GE en ca 
1a od es wok ae a a 
‘a 7 ES PE eT ee 
~ ee ee — ee ee ee 
input Clamp Voltage gieniaeh ee | 
POWER SUPPLY CURRENT 
OD= vin 2.0v, Voo= MAX a 
am204s_Top=o4V, Viva= T= 2.0V, Voo=MAX [| 100] 160 
co Power Supply Curent GD = 2.0V, Wi= OAV, Voc = MAX eon me 
Am20478 ICD = Vina = 0.4V, T/A = 2.0V, Voc = MAX SEAS US SSS BS 
05406A 


5-294 Refer to Page 13-1 for Essential Information on Military Devices 


SWITCHING TEST CIRCUIT 


SWITCHING TIME WAVEFORM 


Pd 
3 
© 
oe 
® 
~ 
> 
= 
© 
ae 
~ 


PULSE 
GENERATOR 


WF003150 


TC001480 


Note: C1 includes test fixture capacitance. tr =t¢< 10ns 10%-to 90% 


Figure 1. Propagation Delay from A Port to B Port or from B Port to A Port. 


© 8 PORT 
o Veco 
15V 1.5V 
‘ate = ‘TRL 
1-0 B PORT A PORT 
‘ATH ‘TRH 
1.5V 1.5V 
TC001390 WF003110 
Note: Co and Cg include test fixture capacitance, tp =t¢< 10ns 10% to 90% 


Figure 2. Propagation Delay from T/R to A Port or B Port. 


TC001400 
WF003011 


Note: C4 includes test fixture capacitance. Port input is in t =t¢< 10ns 10% to 90% 
a fixed logical condition. 


Figure 3. Propagation Delay from CD to A Port or B Port. 
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Am2946/Am2947 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 
Am2946 


Description Test Conditions 


A PORT DATA/MODE SPECIFICATIONS 


Typ 
(Note 1) 


t Propagation Delay to a Logical ''0"' from CD = 0.4V, T/R =0.4V (Figure 1) 

PDHLA B Port to A Port Ry = 1k, Ro =5k, Cy = 30pF 

t Propagation Delay to a Logical ''1"' from CD = 0.4V, T/R =0.4V (Figure 1) 

PDLHA B Port to A Port Ry = 1k, Ro=5k, Cy = 30pF 

t Propagation Delay from a Logical ''0'' to 3-State Bo to B7 = 2.4V, T/R =0.4V (Figure 3) , 
PLZA from CD to A Port S3 = 1, Rs = 1k, C4 = 15pF 

ic Propagation Delay from a Logical ''1"' to 3-State Bo to B7 = 0.4V, T/R =0.4V (Figure 3) 

HZA from CD to A Port S3 = 0, Rs = 1k, C4 = 15pF 

t Propagation Delay from 3-State to a Logical ''0" Bo to B7 = 2.4V, T/R =0.4V (Figure 3) 
PZLA from CD to A Port S3 = 1, Rs = 1k, C4 = 30pF 


Propagation Delay to a Logical ''0" from 
A Port to B Port 


Propagation Delay to a Logical ''1" from 
A Port to B Port 


Propagation Delay from 3-State to a Logical "0" 
from CD to B Port 


Propagation Delay from 3-State to a Logical "1" 
from CD to B Port 


Propagation Delay from Transmit Mode to Receive 
a Logical "0", T/R to A Port 


Propagation Delay from Transmit Mode to Receive 
a Logical "1", T/R to A Port 


Propagation Delay from Transmit Mode to Receive 
a Logical 0", T/R to B Port 


Propagation Delay from Transmit Mode to Receive 
a Logical ''1", T/R to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) 
Ry = 6672, Ro = 5k, Cy = 45pF 
Ao to A7 = 0.4V, T/R=2.4V (Figure 3) 
foe 08 eee = 1, Rs = 1002, C4 = 300pF 
So = 1, Rg = 1k, Co = 30pF 
CD =0.4V (Figure 2) | 
S; = 0, R4 = 1k, Cg = 300pF 


Propagation Delay from 3-State to a Logical ''1" Bo to B7 = 0.4V, T/R =0.4V (Figure 3) 
from CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 
Ry = 1002, Ro = 1k, Cy = 300pF 
Ry = 6672, Ro= 5k, Cy = 45pF 
t Propagation Delay from a Logical ''0" to 3-State Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 
PLZB from CD to B Port S3 = 1, Rs = 1k, C4 = 15pF 
S3 = 1, Rs = 66722, Cy = 45pF 
Ao to A7 =0.4V, T/R = 2.4V (Figure 3) 
TRANSMIT RECEIVE MODE SPECIFICATIONS 
CD = 0.4V (Figure 2) 
CD = 0.4V (Figure 2) 
S; =0, R4= 1002, Cg = SpF 
S;=1, Rg = 1002, Cg = 300pF 
So = 1, Rg = 3002, Co = SpF 
So = 0, Rg = 3002, Co = SpF 
Note: 1. All typical values given are for Vcc = 5.0V and Ta = 25°C. 


CD =0.4V, T/R= Dav (Figure 1) 
Ono Reh tae = 1002, Ro = 1k, Cy = 300pF 
pas Propagation Delay from a Logical ''1" to 3-State 
| from CD to B Port S3 = 0, Rs5 = 1k, C4 = 15pF 
Sg = 0, Rs = 1k, C4 = 300pF 
S;=1, R4= 1002, C3 = 5pF 
So = 0, Rg = 5k, Co = 30pF 
CD = 0.4V (Figure 2) 
2. Only one output at a time should be shorted. 


E 
N 


05406A 
5-296 Refer to Page 13-1 for Essential Information on Military Devices 


SWITCHING CHARACTERISTICS ‘over operating range unless otherwise specified 
Test Conditions 


Am2946 
COMMERCIAL 
Am2946 
A PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical CD = 0.4V, T/R = 0.4V (Figure 1) 
Propagation Delay to a Logical CD = 0.4V, T/R = 0.4V (Figure 1) 
teoLHa ——_| ryoPaganen Betay 10, 8,L09 Bra tk Hom 5k, Ge Sout weer oe 


Propagation Delay from a Logical to B7 = 2.4V, T/R = 0.4V (Figure 3) 
'PLZA "orto 3-State from CD to Port 3° 1, Rs = 1k, C4 = 15pF . 


Propagation Delay from a Logical Bo to Bz = 0.4V, T/R =0.4V (Figure 3) 
"1" to 3-State from CD to A Port |Sy=0, As = 1k, Cy = 15pF 


Parameter Description 


Propagation Delay from 3-State to Bo to B7 = 2.4V, T/R =0.4V (Figure 3) 
'PZLA a Logical ry ‘ren CD to A Port S3 =1, hive 1k, C4 = 30pF : 


Propagation Delay from 3-State to Bo to Bz = 0.4V, T/R =0.4V (Figure 3) 
a Logical ''1"' from CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 


B PORT DATA/MODE SPECIFICATIONS 


CD = 0.4V, T/R = 2.4V (Figure 1) 
Ry = 10022, Ro = 1k, Cy = 300pF 


Ry = 66722, Ro = 5k, Cy = 45pF 


Propagation Delay to a Logical 


tPDHLB "0" from A Port to B Port 


Propagation Delay to a Logical 


"4" from A Port to B Port : 
Ri = 66792, Ro = 8k, C1 = 45pF 
t Propagation Delay from a Logical Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 
PLZB "0" to 3-State from CD to B Port S3 = 1, Rs = 1k, C4 = 15pF 
Propagation Delay from a Logical Ao to A7 =0.4V, T/R = 2.4V (Figure 3) 
"1"' to 3-State from CD to B Port S3 = 0, Rs = 1k, C4 = 15pF 


Propagation Delay from 3-State to 
a Logical ''0" from CD to B Port 


tPDLHB 


S3 = 1, Rs = 1002, C4 = 300pF 


Ao to A7 =0.4V, T/R = 2.4V(Figure 3) 


TRANSMIT RECEIVE MODE SPECIFICATIONS 


Propagation Delay from Transmit CD = 0.4V (Figure 2) 
ttR Mode to Receive a Logical ''0", S; = 1, Rg = 1002, Cg = SpF 
T/R to A Port So = 1, Rg = 1k, Co = 30pF 


Propagation Delay from Transmit CD = 0.4V (Figure 2) 
tTRH Mode to Receive a Logical ''1", S; =0, R4 = 1002, Cg = 5pF 
T/R to A Port S2 = 0, Rg = 5k, Co = 30pF 


Propagation Delay from Receive CD = 0.4V (Figure 2) 
Mode to Transmit a Logical ''0"', S$; =1, Rg = 1002, Cg = 300pF 47 
T/R to B Port So = 1, Rg = 3002, Co = 5pF 


tPZLB 


Propagation Delay from 3-State to 
a Logical ''1"' from CD to B Port 


Propagation Delay from Receive CD = 0.4V (Figure 2) 
Mode to Transmit a Logical "1", S; = 0, R4 = 1k, Cg = 300pF 
T/R to B Port S2 = 0, Rg = 3002, Co = 5pF 


Cal Cond 

D b+] 

4 A 

a e: 
s 
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Am2946/Am2947 


SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 
Am2947 


. Typ 


A PORT DATA/MODE SPECIFICATIONS 


t Propagation Delay to a Logical ''0'’ from CD =0.4V, T/R =0.4V (Figure 1) 

PDHLA B Port to A Port Ry = 1k, Ro =5k, Cy = 30pF 

t Propagation Delay to a Logical ''1"' from CD = 0.4V, T/R =0.4V (Figure 1) 
PDLHA B Port to A Port Ry = 1k, Ro=5k, Cy = 30pF 


Propagation Delay from a Logical ''0'' to 3-State Bo to B7 = 0.4V, T/R =0.4V (Figure 3) 


Propagation Delay from a Logical ''1" to 3-State Bo to B7 = 2.4V, T/R =0.4V (Figure 3) 
from CD to A Port S3 = 0, Rs = 1k, C4 = 15pF 
t Propagation Delay from 3-State to a Logical "0" Bo to B7 = 0.4V, T/R =0.4V (Figure 3) 
PZLA from CD to A Port S3 = 1, Rs = 1k, C4 = 30pF 


Propagation Delay from 3-State to a Logical "1" |Bo to B7 =2.4V, T/R =0.4V (Figure 3) 


from CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 
B PORT DATA/MODE SPECIFICATIONS 


CD = 0.4V, T/R = 2.4V (Figure 1) 
Propagation Delay to a Logical ''0'' from Ri = 1002, Ro = 1k, Cy = 300pF 
‘PDHLB =| A Port to B Port et be ee 


Ri = 6672, Ro = 5k, Cy = 45pF 


CD = 0.4V, T/R = 2.4V (Figure 1) 

Propagation Delay to a Logical ''1"' from Ry = 1002, Ro = 1k, Cy = 300pF 
'PDLHB A Port to B’ Port | 1 2 1 p 
Ry = 6672, Ro = 5k, Cy = 45pF 


Propagation Delay from a Logical ''0" to 3-State Ao to A7 = 0.4V, T/R = 2.4V (Figure 3) 
from CD to B Port S3, = 1, Rs = 1k, C4 = 15pF 


Propagation Delay from a Logical ''1" to 3-State Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 
from CD to B Port $3, = 0, Rg = 1k, C4 = 15pF 


_ 
oa 


| 


a 
w 


Ao to A7 =0.4V, T/R = 2.4V (Figure 3) 
S3 = 1, Rs = 1002, C4 = 300pF 
Rg = 1, Rs = 66722, Cy = 45pF 


Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 
$3 = 0, Rs = 1k, C4 = 300pF 


TRANSMIT RECEIVE MODE SPECIFICATIONS 


CD = 0.4V (Figure 2) 
Propagation Delay from Transmit Mode to Receive J ie e 
‘TRL a Logical "0", T/R to A Port S1=1, R4= 1002, Cy = 5pF 


Propagation Delay from 3-State to a Logical "0" 


tPZLB from CD to B Port 


Propagation Delay from 3-State to a Logical "1" 
from CD to B Port 


tPZHB 


So = 1, Rg = 1k, Co = 30pF 


CD = 0.4V (Figure 2) 
Propagation Delay from Transmit Mode to Receive < ss 1% 
‘TRH a Logical "1", T/R to A Port S}=1, R4= 1002, Cg = SpF 


So = 0, Rg = 5k, Co = 30pF 


CD = 0.4V (Figure 2) 
Propagation Delay from Transmit Mode to Receive = = a 

So = 0, Rg = 30022, Co = SpF 

CD = 0.4V (Figure 2) 
Propagation Delay from Transmit Mode to Receive ZS a os 

So = 1, Rg = 3002, Co = SpF 


Note: 1. All typical values given are for Voc = 5.0V and Ta= 25°C. 
2. Only one output at a time should be shorted. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am2947 | | , 

COMMERCIAL 
Am2947 


MILITARY 
Am2947 


Test Conditions 
A PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical ~ CD = 0.4V, T/R =0.4V (Figure 1)" 
'PDHLA "or ftom B Port to A Port [Ry = 1k, Ro = 5k, Cy Y SSF 


Parameter Description 


{POHLA ee 
rPhom a Pon toa POR [aoa haa ote Soue® a ee 
ize PPT Bate hom eo eon MR Cee ore [ow fa 
Presale tome ween cokes Cee en |e a 
: Tooeal "0" tem on Dh por 3° sag - { Pe : 30pe (Figure 3) a Ne ee eA 


Propagation Delay from 3-State to Bo to B7 = 2.4V, T/R = 0.4V (Figure 3) 
a Logical ''1'' from CD to A Port = 0, Rs = 5k, C4 = 30pF 


B PORT. DATA/MODE SPECIFICATIONS 


CD = 0.4V, T/R = 2.4V (Figure 1) 
CD = 0.4V, T/R = 2.4V (Figure 1) 3 
Propagation Delay to a Logical R1 = 1002, Ro = 1k, Cy =300pF 
oe ee oe 
Propagation Delay from a Logical Ao to A7 =0.4V, T/R = 2.4V (Figure 3) 
'PLzB "0" to 3-State from CD to B Port 
Propagation Delay from a Logical Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 
'PHZB "4" to 3-State from CD to B Port S3 = 0, Rs = 1k, C4 = 15pF 
Ao to A7 =0.4V, T/R = 2.4V (Figure 3) 
S3 = 1, Rs = 10022, C4 = 300pF 
S3 = 1, Rs = 66722, C4 = 45pF 
Ao to A7 =2.4V, T/R = 2.4V (Figure 3) 
S3 = 0, Rs = 1k, C4 = 300pF 
S3 = 0, Rg = 5k, C4 = 45pF 
TRANSMIT RECEIVE MODE SPECIFICATIONS 


Propagation Delay to a Logical 


'PDHLB "0" from A Port to B Port 


tPDLHB 


Propagation Delay from 3-State to 


'PZLB a Logical "0" from CD to B Port 


Propagation Delay from 3-State to 
a Logical ''1"’ from CD to B Port 


Propagation Delay from Transmit CD =0.4V (Figure 2) _ 
tTAL Mode to Receive a Logical ''0", S;=0, R4 = 1002, C3 = 5pF 
T/R to A Port S2 = 1, Rg = 1k, Co = 30pF 


Propagation Delay from Transmit CD = 0.4V (Figure 2) 

tTRH Mode to Receive a Logical ''1", S$; = 1, R4 = 1002, Cg = 5pF 
T/R to A Port So = 0, Rg = 5k, Co = 30pF 
Propagation Delay from Receive CD = 0.4V (Figure 2) 

tATL Mode to Transmit a Logical ''0"', S;=1, Rg = 1002, C3 = 300pF 
T/R to B Port S2 = 1, Rg = 3002, Co = 5pF 
Propagation Delay from Receive CD =0.4V (Figure 2) 

tRTH Mode to Transmit a Logical ''1", S;=0, R4 = 1k, C3 = 300pF 
T/R to B Port So = 1, Rg = 3002, Co = 5pF 
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Am2948/Am2949 


Am2948/Am2949 


Octal Three-State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


8-bit bidirectional data flow reduces system package 
count 

3-state inputs/outputs for interfacing with bus-oriented 
systems; PNP inputs reduce input loading 

Voc — 1.15V Vou interfaces with TTL, MOS, and CMOS 
48mA, 300pF bus drive capability; Low power — 8mA per 
bidirectional bit 


@ Am2948 has inverting transceivers; Am2949 has non- 
inverting transceivers — both have separate TRANSMIT 
and RECEIVE Enables 

@ Bus port stays in hi-impedance state during power up/ 
down 


GENERAL DESCRIPTION 


The Am2948 and Am2949 are 8-bit, 3-state Schottky 


_ transceivers. They provide bidirectional drive for bus- 


oriented microprocessor and digital communications sys- 
tems. Straight through bidirectional transceivers are fea- 
tured, with 24mA drive capability on the A ports and 48mA 
bus drive capability on the B ports. PNP inputs are 
incorporated to reduce input loading. 


Separate TRANSMIT and RECEIVE Enables are provided 
for microprocessor system with separated read and write 
control bus lines. 


The output high voltage (VoH) is specified at Voc - 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


BLOCK DIAGRAM 


Am2949 


Ao Ay A2 


(TRANSMIT) 
T 


(RECEIVE) 
R 


Bo B, 82 


Rahahanal 


A3 As Ag 


enan 


83 84 Bs 


Am2948 has inverting transceivers. 
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CONNECTION DIAGRAM 
Top View 


D-20-1 
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Note: Pin 1 is marked for orientation 
Am2948 is inverting from Ai to Bi . 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am2949 


Voc 


Ag Ar Az Az Ag Ag Ag Az Ay 
A2 
Am2948/2949 A3 


EUS fl CTA IS 


Bo 8; B2 B83 Bg B85 Bg 87 


5 
t 


5 Pa Ate Hs 
i ) t 3 tah 4 rok 
ay OL eNO Zee Ui 
¥ Tips) | via lo Slipates | Ueagt>Sleaseh! item l= ery 
f hig 


ono wun oO oO ff W NN 
CaS 


Ag 
As 
Ag 
Az 

T 


LS000990 GND 10 


DIE SIZE .069” x .089” 
Note: The Am2948 has inverting transceivers 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2948/2949 D Cc B Valid Combinations 


L— Screening Option PC 
Blank —- Standard processing Am2948 DC, DCB, DM, 
B - Burn-in Am2949 DMB 


Temperature (See Operating Range) XC 
C -—Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 
P-—20-pin plastic DIP 
X- Dice 


Valid Combinations 
Device type Consult the AMD sales office in your area to 
Bidirectional Bus Transceivers determine if a device is currently available in the 
combination you wish. 
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Am2948/Am2949 


PIN DESCRIPTION 


[Pin No. [Name | /O | Description 
Ao-A7 1/0 | A port inputs/.ou are receiver output drivers when Receive is LOW and Transmit is HIGH, and are transmit 
inputs when Receive is HIGH and Transmit is LOW. 
Bo-B7 1/0 | B port inputs/ou are transmit ou drivers when Transmit is LOW and Receive is HIGH, and are receiver 
inputs when Transmit is HIGH and e is LOW. 


A wee These controls determine whether A port and B port drivers are in 3-state. With both Transmit and Receive HIGH 
Receive 


both ports are in 3-state. Transmit and Receive both LOW activate both drivers and may cause oscillations. This is 
not an intended logic condition. With Transmit HIGH and Receive LOW A port is the output and B port is the input. 
With Transmit LOW and Receive HIGH B port is the output and A port is the input. 


FUNCTION TABLE 


Control inputs Resulting Conditions 
Transmit 
L 


| 


*This is not an intended logic condition and may cause 
oscillations. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ...............0...00000. -65°C to + 150°C 
Supply-Voktage-sncscicerean civics cooeernesveresciore 7.0V 
RE OMS 6 nr on hee cise ted oceans eWadwuahin ncneomanaien 5.5V 
6 FT Re io) a Sotiris ans cree Rane Ore 5.5V 
Lead Temperature (Soldering, 10 seconds)............. 300°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 


OPERATING RANGES 


Commercial (C) Devices 


FOMPOUC-ieien reiierrerreireT: 0°C to +70°C 
SUMO MONRO os oon cee eecn cnet +4.75V to +5.25V 
Military (M) Devices 
Femperatyre wiecciscisiceiviis cosvis -55°C to +125°C 
SMU RNG I NINO ssc ocr pep cen vineeeoew ieee +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


6pecwiy /srécuiy 


maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
Parameters 


Description Test Conditions 
A PORT (Ao-A7) 
iH T=0av, R=20V 


IL Logical ''O"' Input Voltage T =0.8V, R=2.0V 


T =2.0Vv, R=0.8Vv 


_ Min | Typ | Max | Units | 


Sane een 
Volts 


Volts 


t 
=/8 
= 
bia 


IL 


IOH = -0.4mMA Voc- 1.15 
IOH = -3.0mMA A 

lo. = 12mA 
VoL Logical''0'' Output Voltage T =2.0V, R =0.8V COM'L lo. = 24mA 


aes T =2.0V, R =0.8V, Vo = OV, 
Output Short Circuit Current Voc = MAX; Note 2 
Logical ''1" Input Current T =0.8V, R=2.0V, Vj =2.7V 


Input Current at Maximum Input en. pes . = 
Voltage T= R=2.0V, Voc = MAX, Vj = Voc MAX 


L Logical ''0" Input Current T =0.8V, R=2.0V, V; =0.4V 
C Input Clamp Voltage T=R =2.0V, lin = -12mA 


Vo = 0.4V 
Output/Input 3-State Current T=R=2.0V 
B PORT (Bo-B7) 


ViH Logical ''1"' Input Voltage T =2.0V, R =0.8V 


COM'L 
VIL Logical ''0'' Input Voltage T =2.0V, R =0.8V M 


H = -—0.4mA 
OH = —5.0mA 


Voc - 0.7 


VOH Logical ''1'' Output Voltage 


5 


Volts 


ine) 
GN 


> 


-7 


Oo 


Volts 


Pepe Lele 


‘f 


- 


VoH Logical ''1'' Output Voltage T =0.8V, R = 2.0V olts 


OL Logical ''0"' Output Voltage T =0.8V, R= 2.0V lo. = 48mA 
ae T =0.8V, R =2.0V, Vo =0V 
Output Short Circuit Current Voc = MAX, Note 2 


Logical ''1"' Input Current T =2.0V, R=0.8V, V; =2.7V 


olts 


re} ole} 
o 
it 
© 
° 
3 
> 


o 
~~ 


| 


Input Current at Maximum Input B= i S 
Voltage T=R=20V, Voc = MAX, Vi= Voc MAX 


L Logical ''0"' Input Current T =2.0V, R=0.8V, V; = 0.4V 
C. Input Clamp Voltage T =R =2.0V, lin = -12mA 


7 Vo = 0.4V 
Output/Input 3-State Current T=R=2.0V 


Vo = 4.0V 


< 


Sipe pl EL a 


olts 
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DC CHARACTERISTICS (Cont.) 


CONTROL INPUTS T, R 


aT wi eer ee ee ee 


. 
Input Current at Maximum Input “i = 


ae el RS Wate CS 
ee Cee eae eae ae 


topical "1" input Curent’ ———idtweawyCSCSCSC~—sSC~YSSC“‘(. OS LO 


Logical ''0" Input Current V; = 0.4V 


ieee BESS ea. 


teak Cinaregs Metin =| Ne SOR et ee 


POWER SUPPLY CURRENT 


| Tas 20v, Vie ZOV) Veg = MAX TT io" 

T=0.4V, Vina = R= 2.0V, Voc = MAX PGE Bi ee 

es aR EEN SOM | T=R=2.0V, Wa O4V, Voo= MAX ot | 0190-3 
T= Vina =0.4V, R= 2.0V, Voc = MAX Sree sans CON, Rasos A a 


OUTPUT 
B, OR A, 


CONTROL 
INPUT 


PORT 
OUTPUT 


tpHz 


PORT 
OUTPUT 


SWITCHING TEST WAVEFORM 


% 


SWITCHING TEST CIRCUIT 


t t 
POLH POHL DEVICE 


UNDER 
TEST 


WF003130 


tr = ts < 10ns Note: Cz includes test fixture capacitance. 


10% to 90% 


Figure A. Propagation Delay from A Port to B Port or from B Port to A Port. 


DEVICE 
UNDER 
TEST 


RORT 


4 


WF003120 


TC001490 


tr = ts < 10ns Note: C4 includes test fixture capacitance. Port input is in 


10% to 90% a fixed logical condition. See AC table. 


Figure B. Propagation Delay to/from Three-State from R to A Port and T to B Port. 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


Am2948 . 


; Description 


[Test Conditions| typ | wax | Unie 


A PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical ''0'' from 
B Port to A Port 
Propagation Delay to a Logical ''1"’ from 
B Port to A Port 


Propagation Delay from a Logical ''0'' to 3-State 
from FR to A Port 


Propagation Delay from a Logical ''1"' to 3-State 
from R to A Port 


Propagation Delay from 3-State to a Logical ''0"' 
from R to A Port 


tPDHLA 


anal 
N 
S 


Bae Delay from 3-State to a Logical ''1"' Bo to B7 = 0.4V, T = 2.4V (Figure B) 
from R to A Port S3 = 0, Rs = 1k, C4 = 30pF 


T = 2.4V, R =0.4V (Figure A) 
Ry = 1k, Ro = 5k, Cy = 30pF 

T = 2.4V, R =0.4V (Figure A) 

Ry = 1k, Ro =5k, Cy = 30pF 

Bo to B7 = 2.4V, T = 2.4V (Figure B) 
S3=1, Rg = 1k, C4 = 15pF 

Bo to B7 = 0.4V, T = 2.4V (Figure B) 
S3 = 0, Rs = 1k, C4 = 15pF 
Bo to B7 = 2.4V, T = 2.4V (Figure B) 
S3 = 1, Rs = 1k, C4 = 30pF 


nm 
N 


a 
N 


B PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical ''0'' from 


'PDHLB A Port to B Port 


Propagation Delay to a Logical ''1'' from 


‘POLHB A Port to B Port 


Propagation Delay from a Logical ''0'' to 3-State 
'PLZB from 2 to B Port 


Propagation Delay from a Logical ''1"' to. 3-State 
from T to B Port 


sat wrt Delay from 3-State to a Logical ''0" 


'PZLB from T to B Port 


Propagation Delay from 3-State to a Logical ''1" 
from T to B Port 


T =0.4V, R = 2.4V (Figure A) 

é ee et 
T =0.4V, R = 2.4V (Figure A) 

: 


Ao to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 1, Rs = 1k, C4 = 15pF 


Ao to A7 =0.4V, R = 2.4V (Figure B) 
S3 = 0, Rs = 1k, C4 = 15pF 


Ao to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 1, Rs = 1002, C4 = 300pF 
Ao to A7 =0.4V, R = 2.4V (Figure B) 
S3 = 0, Rs = 1k, C4 = 300pF 


S3 = 0, Rs = 5k, C4 = 45pF 


is 


a 
7) 
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ag 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Am2948 


Description Test Conditions 


A PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical = 2.4V, R =0.4V (Figure A) 
'PDHLA "Or fom B Port to A Pore Ry = 1k, Ro = 5k, Cy o30pF 
Propagation Delay to a Logical = 2.4V, R =0.4V (Figure A) 
'PDLHA mee fom B Port to A Pore Ry = 1k, Ro = 5k, Cy a S0pF 


Propagation Delay fram a Logical to B7 = 2.4V, T = 2.4V (Figure B) 
'PLZA "Or to 3-State from Fi to A Port eo, 5 = 1k, C4 = 15pF ssn 


Propagation Delay fram a Logical Bo to B7 = 0.4V, T = 2.4V (Figure B) 
mht 3-State from Ft A Port So = 0, Ae = 1k, C4 = 15pF " 
Propagation Delay from 3-State to to B7 = 2.4V, T = 2.4V (Figure B) 
a toga "0" from R to A Port ee Ae 1k, C4 = 30pF 7 


-~ 
Uv 
N 


Propagation Delay fr 3-State to to B7 = 0.4V, 
a (oe cal ''1" rom to A Port g° 2% A. = 5k, 


= 2.4V (Figure B 
Caz ~ GOpF : 


B PORT DATA/MODE SPECIFICATIONS 
T =0.4V, R= 2.4V (Figure A) 

T =0.4V, R =2.4V (Figure A) 

Ry = 1009, Ro = 1k, Cy = 300pF 


Ry = 6672, Ro = 5k, Cy = 45pF 
t Propagation Delay from a Logical Ao to A7 = 2.4V, R =2.4V (Figure B) 
PLZB "0" to 3-State from T to B Port S3 = 1, Rs = 1k, C4 = 15pF 
tp Propagation Delay from a Logical Ao to A7 = 0.4V, R = 2.4V (Figure B) 

HZB "4" to 3-State from T to B Port S3 = 0, Re = 1k, C4 = 15pF 
Ao to A7 =2.4V, R =2.4V (Figure B) 
$3 = 1, Rs = 1002, C4 = 300pF 


S3 = 1, Rs = 66722, C4 = 45pF 
Ao to A7 =0.4V, R = 2.4V (Figure B) 
Sq =0, Re = 1k, C4 = 300pF 


S3 = 0, Rs = 5k, C4 = 45pF 


Propagation Delay to a Logical 
'PDHLB "0" from A Port to B Port 


Propagation Delay to a Logical 


tPDLHB ''4"" from A Port to B Port 


Propagation Delay from 3-State to 


'PZLB a Logical ''0" from T to B Port 


Propagation Delay from 3-State to 
a Logical ''1"" from T to B Port 


COMMERCIAL 
Am2948 


MILITARY 
Am2948 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 
Am2949 


. Description Test Conditions 


A PORT DATA/MODE SPECIFICATIONS 


‘ Propagation Delay to a Logical ''0" from T =2.4V, R =0.4V (Figure A) 
PDHLA B Port to A Port Ry = 1k, Ro =5k, Cy = 30pF 


tp Propagation Delay to a Logical ''1'' from T=2.4V, R=0.4V (Figure A) 

OLHA B Port to A Port Ry = 1k, Ro = 5k, Cy = 30pF 
Propagation Delay from a Logical ''0" to 3-State |Bo to B7 =0.4V, T=2.4V (Figure B) 
from R to A Port $3 = 1, Rs = 1k, C4 = 15pF 
Propagation Delay from a Logical ''1'' to 3-State Bo to B7 = 2.4V, T = 2.4V (Figure B) 
from R to A Port Sg = 0, Rs = 1k, C4 = 15pF 

tp Propagation Delay from 3-State to a Logical ''0"' Bo to B7 = 0.4V, T = 2.4V (Figure B) 

ZLA from R to A Port S3 = 1, Rs = 1k, C4 = 30pF 


Propagation Delay from 3-State to a Logical ''1" Bo to B7 = 2.4V, T = 2.4V (Figure B) 
from FR to A Port S3 = 1, Rg = 5k, C4 = 30pF 


B PORT DATA/MODE SPECIFICATIONS 


T =0.4V, R = 2.4V (Figure A) 
Propagation Delay to a Logical ''0"' from Ry = 1002, Ro = 1k, Cy = 300pF 
'POHLB ~—s {A Port to B Port pee : 
Ry = 66722, Ro = 5k, Cy = 45pF 


T =0.4V, R = 2.4V (Figure A) 
Propagation Delay to a Logical ''1"' from Ry = 1002, Ro = 1k, Cy = 300pF 


'POLHB A Port to B Port Ry = 6672, Ro = 5k, Cy = 45pF 
= ; = « Bag 


Bees geeg Delay from a Logical ''0" to 3-State [Ag to A7 =0.4V, R = 2.4V (Figure B) 
from T to B Port S3 = 1, Rg = 1k, C4 = 15pF 


~ 
< 


Pp | Max 


Led 
™N 


N 


@ 


as gig Delay from a Logical ''1"' to 3-State {Ao to A7 =2.4V, R = 2.4V (Figure B) 
'PHZB from T to B Port Sg =0, As = 1k, C4 = 15pF ; 


Ao to A7 = 0.4V, R = 2.4V (Figure B) 

S3 = 1, Rs5 = 1002, C4 = 300pF 

Ao to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 0, Rs = 1k, C4 = 300pF 

S3 = 0, RAs = 5k, Cy = 45pF 


oe Delay from 3-State to a Logical "0" 


from T to B Port 


MN 


Propagation Delay from 3-State to a Logical ''1'' 


from T to B Port 


ss 
ba | 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Am2949 
COMMERCIAL MILITARY 
. Am2949 Am2949 | 
Test Conditions — cae aes 


A PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical = 2.4V, R =0.4V (Figure A) 
'PDHLA nor tom B Port to A Port Ry = 1k, Ro =5k, Cy o30pF 
aoe Propagation Delay to a Logical = 2.4V, R=0.4V (Figure A)  ieaigo a2 non ve 


Parameter Description 


Am2948/Am2949 


from B Port to A Port Ry = 1k, Ro = 5k, Cy = 30p 

Propagation Delay fram a Logical Bo to B7 = 0.4V, T = 2.4V (Figure B) 

"Ort 3-State from Ht to A Port $3= 1, As = 1k, C4 = 15pF ; 
Propagation Delay fr a Logical Bo to B7 = 2.4V, T = 2.4V (Figure B) 

nq 3 F to A S3 = 0, be . 


—— 
Propagation Delay fram 3-State to to B7 =0.4V, T = 2.4V (Figure B) 

tein __|e'Cogeal "0" trom Ato A Por” _|85=1, Ag= th, C= Oph a 
Propagation Delay fram 3-State to Bo to B7 =2.4V, T = 2.4V (Figure B) eee as: 
a Logical ''1'"' from R to A Port S3 =0, Rs = 5k, C4 = 30pF 


to 3-State from ort = 1k, C4 = 15pF 


B PORT DATA/MODE SPECIFICATIONS 


T =0.4V, R = 2.4V (Figure A) 
Ry = 1002, Ro = 1k, Cy = 300pF 
y= 6672, Ra=5k Cr=45F | 


Propagation Delay to a Logical 


tPDHLB "0" from A Port to B Port 


T =0.4V, R = 2.4V (Figure A) 
Ry = 1002, Ra = 1k, Cy = 300pF 


Propagation Delay to a Logical 
"4" from A Port to B Port 


[r= 0679, Ro = 5k, Cy = 459F pee 


t Propagation Delay from a Logical Ao to A7 =0.4V, R = 2.4V (Figure B) 
PLZB "0" to 3-State from T to B Port S3 = 1, Rs = 1k, C4 = 15pF | 
Propagation Delay from a Logical Ao to A7 = 2.4V, R = 2.4V (Figure B) 
"4" to 3-State from T to-B Port S3 = 0, Rs = 1k, C4 = 15pF 


Ao to A7 =0.4V, R =0.4V (Figure B) 
S3 = 1, Rs = 1002, C4 = 300pF 


S3 = 1, R5 = 6672, C4 = 45pF 


Ao to A7 =2.4V, R= 2.4V (Figure B) 
S3 = 0, Rs = 1k, C4 = 300pF 


Sg = 0, Rs = 5k, C4 = 45pF 


Propagation Delay from 3-State to 


t 
lsc a Logical ''0'' from T to B Port 


Propagation Delay from 3-State to 
a Logical ''1"" from T to B Port 
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Eight-Bit Bidirectional |/O Ports with Handshake | 


® Eight-Bit, Bidirectional 1/O Port with Handshake— 
Two eight-bit, back-to-back registers store data moving 
in both directions between two bidirectional busses. 

® Register Full/Empty Flags— 
On-chip flag flip-flops provide data transfer handshaking 
signals, 

@ 24mA Output Current Sink Capability. 


The Am2950 and Am2951, members of Advanced Micro 
Devices' Am2900 Family, are designed for use as parallel 
data I/O ports. Two eight-bit, back-to-back registers store 
data moving in both directions between two bidirectional, 3- 
state busses. On chip flag flip-flops, set automatically when 
a register is loaded, provide the handshaking signals 
required for demand-response data transfer. 


Considerable flexibility is designed into the Am2950/ 
Am2951. Separate clock, Clock Enable and Three-State 
Output Enable signals are provided for each register, and 


> 


> [2 [2 [2 Je Iz 


BD002420 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


Note: The Am2951 provides inverting data outputs (Bo.7). 


5-309 


@ Separate Clock, Clock Enable and Three-State Out- 
put Enable for Each Register. 

® Separate, Edge-Sensitive Ciear Control for Each 
Flag Flip-Flop. 

@ Fast - 
The Am2950A and Am2951A will be 25-30% faster 
than the Am2950 and Am2951. 


edge-sensitive clear inputs are provided for each flag flip- 
flop. A number of these circuits can be used for wider 1/O 
ports. Both inverting and non-inverting versions are avail- 


able. 


24mA output current sink Capability, sufficient for most 
three-state busses, is provided by the Am2950/Am2951. 


The Am2950A and AMZOS tA feature AMD's ion-implanted 
micro-oxide (IMOXx" ) processing. They are plug-in re- 
placements for the Am2950 and Am2951 respectively but 
will be approximately 30% faster. 
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Am2950-50A/Am2951-51A 


CONNECTION DIAGRAM 


Top View 


Chip-Pak™ 


Note: Pin 1 is marked for orientation 


Bi is inverted on Am2951. 
METALLIZATION AND PAD LAYOUT 
4 3 


LOGIC SYMBOL 


2% 20 21 


26 
27 
28 
1 
2 
3 
6 
7 


3 SRRSBRLB 


LS001030 


b fi 28 27 26 «25 
| 


“19°14 2 15°16 17 8 
DIE SIZE 0.107” x 0.138” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2950/50A 
Am2951/51A D Cc B 
L Screening Option 
Blank - Standard processing 
B — Burn-in 
Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 
Package 
D- 28-pin CERDIP 
F — 28-pin flatpak 
L - 28-pin leadiess chip carrier 
X- Dice 


Device type 
8-Bit Bidirectional |/O Ports 


Chip-Pak is a trademark of Advanced Micrc Devices, Inc. 
5-310 


Valid Combinations 


DC, DCB, OMB 


Am2950/50A 
Am2951/51A 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


i ene Gee ee Eight bidirectional lines carrying the R Register inputs or S Register outputs. 


Bares TRS a we Eight bidirectional lines carrying the S Register inputs or B Register outputs. 

ee es The clock for the R Register and FR Flip-Flop. When CER is LOW, data is entered into the R Register and the FR 
the FR Flip-Flop is set on the LOW-to-HIGH transition of the CPR signal. When CER is HIGH, The R Register and 
FR Flip-Flop hold their contents, regardless of CPR signal transitions. 
The Output Enable for the R Register. When OEBR is LOW, the R Register three-state outputs are enabled onto 

| 12  — {CLRR ||| The clear control for the FR Flip-Flop. The FR Flip-Flop is cleared on the LOW-to-HIGH transition of CLAR signal. 

CPS The clock for the S Register and FS Flip-Flop. When CES is LOW, data is entered into the S Register and the FS 

Flip-Flop is set on the LOW-to-HIGH transition of the CPS signal. 

ee ag FS Flip-Flop hoid their contents, regardless of CPS signal transitions. 

The output enable for the S Register. When OEAS is LOW, the S Register three-state outputs are enabled onto the 

AO-7 lines. When OEAS is HIGH, the S Register outputs are in the high-impedance state. 


Flip-Flop is set on the LOW-to-HIGH transition of the CPR signal. 
OEBR 
the BO-7 lines. When OEBR is HIGH, the R Register outputs are in the high-impedance state. 
The clock enable for the S Register and FS Flip-Flop. When CES is LOW, data is entered into the S Register and 
[ssid _| The FS Flip-Flop output 


The Clock Enable for the R Register and FR Flip-Flop. When CER is LOW, data is entered into the R Register and 
| 11 ~~ |FR-———sd|s«O._ | The FR Flip-Flop output. 

the FS Flip-Flop is set on the LOW-to-HIGH transition of the CPS signal. When CES is HIGH, the S Register and 
| 4 _{CLRS____| 1 _| Theclear control for the FS Flip-Flop. The FS Flip-Flop is cleared on the LOW-to-HIGH transition of CLAS signal. 


REGISTER FUNCTION TABLE OUTPUT CONTROL 
(Applies to R or S Register) 


[input 7 | internal OE Internal 
Pe [ee foe to Q | eadoed| anaost | 
| x | x | HT NC | Hold deta | fH x [Zz |Z _JDisabie outputs 


. ft ‘ L Load Data ee ae L H 
Pelee [ot oe L H H _ [on 


FLAG FLIP-FLOP FUNCTION TABLE 
(Applies to R or S Flag Flip-Flop) 


Ca x || xo | fod Fag 
SucEes ewe 
Pit, lp | 


H = HIGH NC = NO CHANGE 

L = LOW ¢ = LOW-to-HIGH Transition 

X = Don't Care ¢ = NO LOW-to-HIGH Transition 
Z = High Impedance 
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Am2950-50A/Am2951-51A 


bidirectional peripheral data bus. The on-chip Flag flip-flops 


APPLICATIONS a 
: provide the data in, data out handshaking signals required for 


signals as well as eight-bit, bidirectional data storage. Its 
flexibility allows it to be used in any type of computer system, 
including Am2900, 8080, 8085, 8086, Z80, and Z8000 sys- 
tems. 


Figure 2 shows a multiple 1/O port system using Am2950's. 
Two Am2950's are used at each port to interface the 16-bit 
system data bus. The Am2950 flags are used to generate I/O 
Figure 1 shows an Am2950 used to store data moving in both interrupt requests. 

directions between a bidirectional system data bus and a 


SEND NEW DATA <_) 


| > DATA READY 


<<] OATA TAKEN 
<_] OUTPUT ENABLE 


<] CLOCK ENABLE 
L> SEND NEW DATA 


DATA TAKEN [> 


_— See eee eee eee ee i mc -— OO. 


SYSTEM 
AF001951 


Figure 1. A Bidirectional 1/O Port with Handshaking Using the Am2950. 
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SYSTEM DATA BUS (16 BITS) 


CRCRU RUB: 
aad 9 Gena 


Am2950 
(2) 


AF001960 


Figure 2. Multiple 1/O Port System. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..............c0:eseeeeee -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias....... -55°C to +125°C TOMOORRUNG 6. OE. 7. 2 epee ceeeseeedas. 
Supply Voltage to Ground Potential Supply: VONAGE cu. i... . dc cicenosecenss 
NSPIOUMIONAS vcs wacky cain besa a bes Sada cdot eels -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output Stare os ci... cieiece..s.... -0.5V to +Vcoc max 
DC input Voltage ..3.cceississenerrevce sess -0.5V to +5.5V 
DC Output Current, Into Outputs ...............c cece eee 
DC input Curfent ..3.45..0h i.e aedteee gt 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
TORMPOPARUIC onc s ead... ecsescecetneetes -55°C to +125°C 
SupOiv VOHGOG 50s, 6-0 25.05 eses co taadeset +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 
Am2950/Am2951 


Typ 
Description Test Conditions (Note 1) ate aie dane 


FRFS [lon=-1mA 
Vcc = MIN MIL, lon = -2mA 


VOH Output HIGH Voltage ie aaah: or , 245 ee Volts 
IN=VH © Vit} Ao7, Bo-7 [GoML, ton= -65mA | 24 | 34 
FAFS ou = tama eae ew 
Voi: Output LOW Voltage Veo =. Mis MIL Io. = 16mA | | 05 | Volts 


Vin = Vin or V 
INS NIH OF MIL) Ao-7, Bo-7 [COM'L, Io. = 2.4mA 
Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 


Input Clamp Voltage Voc = MIN, lin = -18mA 


CLRR,CLRS 
CLRR, CLRS 


Others 


Input HIGH Current Voc = MAX, Vin = 5.5V 
Vo = 2.4V 
Output Off-state E 
Leakage Current NCO = MAA Ao-7, Bo-7 [yo =0.4V 
Output Short Circuit Current 


Ta = +70°C 


To = + 125°C 


. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. loc is measured with all inputs at 4.5V and all outputs open. 

. Worst case Icc is at minimum temperature. 


< 
o 
- 
o 


Sirens fe 


Wie Input LOW Current Voc = MAX,Vin = 0.5V 


Input HIGH Current Voc = MAX, Vin = 2.7V 


a] 


S 


~~ 
EE 


be 
> 


ers 8 
| 
Baa 8 


(Notes 4,5) 
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Power Supply Current 
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SWITCHING TEST CIRCUIT 
A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 


Vec 


E 


TC001081 


5.0 - Vee - Vo; 5.0-VpeE- VoL 


Ber: __—_ 4= 


lo. + Vot lot + Vor 
1K Ro 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. S1, Se, Sg are closed during function tests and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpzy test. 
S; and Sp are closed while S3 is open for tpz,_ test. 
4. C, = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2950/2951 (DIP) 


Be paceman 
a een 
ee 


Notes on Testing cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


Incoming test procedures on this device should be carefully 


planned, taking into account the high complexity and power 4. Use extreme care in defining input levels for AC tests. Many 

levels of the part. The following notes may be useful: inputs may be changed at once, so there will be significant 

noise at the device pins and they may not actually reach Vj, 

1. Insure the part is adequately decoupled at the test head. or Vix until the noise has settled. AMD recommends using 
Large changes in Vcc current when the device switches Vit SOV and Vi =3.0V for AC tests. 


may Cause erroneous function failures due to Vcc changes. 


5. To simplify failure analysis, programs should be designed to 


2. Do not leave inputs floating during any tests, as they may perform DC, Function and AC tests as three distinct groups 
start to oscillate at high frequency. of tests. 

3.Do not attempt to perform threshold tests at high speed. 6. To assist in testing, AMD offers complete documentation on 
Following an input transition, ground current may change by our test procedures and, in most cases, can provide 


as much as 400mA in 5-8ns. Inductance in the ground Fairchild Sentry programs, under license. 
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Am2950-50A/Am2951-51A 


Am2950A/Am2951A SWITCHING CHARACTERISTICS 
The tables below define the Am2950A/Am2951A switching characteristics. Tables A are setup and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL on 
Ai and Bi = 22092 and RL on FS and FR = 3002. CL = 50pF except output disable times which are specified at CL = 5pF. 
GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 


(Ta =0 to +70°C, Voc = 4.75 to 5.25V, C, = 50pF) 


A. Set-up and Hold Times. B. Propagation Delays 


With 
Respect To 
CPR ie 


C. Recovery Times 


“Few te [mec] 
fours lors] 
founn jon] 


Min LOW Min HIGH 
Pulse Width Pulse Width 


E. Enable/Disable Times 


Crom [To | Disable | Enable 
io AIST a 
S 3 ss es 


‘ 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 


(Tc =-55 to + 125°C, Voc =4.5 to 5.5V, CL = 50pF) 


A. Set-up and Hold Times. B. Propagation Delays 
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C. Recovery Times | D. Pulse-Width Requirements 


[From | vo | wee 
fons Flos F] 
[cure F Jopn F[ 


E. Enable/Disable Times 


From | To | Disable | enable 
Peete en 
55. ee 


Am2950/Am2951 SWITCHING CHARACTERISTICS 


The tables below define the Am2950/Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL on 
Ai and Bi = 22082 and RL on FS and FR = 3002. CL =50pF except output disable times which are specified at CL = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(Ta =0 to + 70°C, Voc = 4.75 to 5.25V, Cy = 50pF) 


A. Set-up and Hold Times. . B. Propagation Delays 


ee |e | 
Sa sa a awa 
ep ie Fl 
[tes los P| ons | a 
[ten Jorn [ “ons | a 


ae 
es as 


C. Recovery Times 


[From [to] WREO 
fours forse] at 


Min LOW Min HIGH 
Pulse Width Pulse Width 


E. Enable/Disable Times 


[From [| To | Disable | enable | 
Toes [aor] 2 | a 
[oe [oor] 2 | a7 


“Where two numbers appear, the first is the Am2950 spec, the second is the Am2951 spec. 
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Am2950-50A/Am2951-51A 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 


(Tc = -55 to +125°C, Voc = 4.5 to 5.5V, C_ = SOpF) 


A. Set-up and Hold Times. B. Propagation Delays 


Respect To 


ar aa ee 
eee ee ee ee ee 
Pe ine ee Fe ee, ss SR ee ee a” ee 
es ors | ae eo ee |e | 
[ten [cpa | zone | 4 | 


C. Recovery Times D. Pulse-Width Requirements 
Ses] Ca Se Se 
fons 5 [ors [as penne _| Pulse wat 
foun fora P| 34 


E. Enable/Disable Times 


Crom | To | Disable | Enabie 
Toes [aor] a | 8. 
-oeen [eo e | 28 


*Where two numbers appear, the first is the Am2950 spec, the second is the Am2951 spec. 
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Am2952-52A/Am2953-53A 


Eight-Bit Bidirectional 1/O Ports with Handshake 


@ Eight-Bit, Bidirectional 1/O Port - 
Two eight-bit, back-to-back registers store data moving 
in both directions between two bidirectional busses. 

@ Separate Clock, Clock Enable and Three-State Out- 
put Enable for Each Register. 

@ 24mA Output Current Sink Capability. 


The Am2952 and Am2953, members of Advanced Micro 
Devices' Am2900 Family, are designed for use as parallel 
data I/O ports. Two eight-bit, back-to-back registers store 
data moving in both directions between two bidirectional, 3- 
state busses. On chip flag flip-flops, set automatically when 
a register is loaded, provide the handshaking signals 
required for demand-response data transfer. 


Considerable flexibility is designed into the Am2952/ 
Am2953. Separate Clock, Clock Enable and Three-State 
Output Enable signals are provided for each register, and 


Tat 
¢ 


a 
iW 


/\) 
§ 


/\) 
§ 


IMOX is a trademark of Advanced Micro Devices, Inc. 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


Note: The Am2953 provides inverting data output 


5-319 


@ Inverting and Non-inverting Versions - 
The Am2952 provides non-inverting data outputs. 
The Am2953 provides inverting data outputs. 
® 24-pin Slim Package 
@ Fast - 
The Am2952A and Am2953A will be 25-30% faster 
than the Am2952 and Am2953. 


edge-sensitive clear inputs are provided for each flag flip- 
flop. A number of these circuits can be used for wider |/O 
ports. Both inverting and non-inverting versions are avail- 
able. 


24mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2952/Am2953. 


The Am2952A and Am2953A feature AMD's ion-implanted 
micro-oxide (IMOXx™™) processing. They are plug-in re- 
placements for the Am2952 and Am2953 respectively but 
will be approximately 30% faster. 


CPs 


ai 


BD002371 


01402B 


Refer to Page 13-1 for Essential information on Military Devices 


ee eS Cs kee 


VES-ES6CWIY /V7S-cS6euly 


y 


Am2952-52A/Am2953-53A 


CONNECTION DIAGRAM 
Top View 


Am2952 
D-24-SLIM 


CD004820 


Note: Pin 1 is marked for orientation 
Bj is inverted on Am2953 


METALLIZATION AND PAD LAYOUT 


21 20 19 18 17 


LOGIC SYMBOL 
Am2952 


16 15 


: 
: 
g 


et 


— % 
as 4 


hag | late 


a] 


~§ © © Fagen @ 


BRBRrsseara 
PPLPPPFIP IPS 


| 
| 
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34 5 6 7 8 
LS001140 DIE SIZE 0.107” x 0.138” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am2952/52A | DC, DCB, DMB 
Am2953/53A | XC, XM 


Am2952/52A 
Am2953/53A D Cc 


B 

LL Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 
oe — simtelaiad Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
8-Bit Bidirectional 1/O Ports combination you wish. 
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PIN DESCRIPTION 


1/O | Description 


| _______|A0-7__| 1/0 | Eight bidirectional lines carrying the R Register inputs or S Register outputs. 
|____|B0-7___| W/O | Eight bidirectional lines carrying the S Register inputs or R Register outputs. 


CPR The clock for the R Register. When CER is LOW, data is entered into the R Register on the LOW-to-HIGH 
transition of the CPR signal. 


11 The Clock Enable for the R Register. When CER is LOW, data is entered into the R Register on the LOW-to-HIGH 
transition of the CPR signal. When CER is HIGH, the R Register holds its contents, regardiess of CPR signal 
transitions. 


VES-ES6cwy/V7S-cS6ewy 


OEBR The Output Enable for the R Register. When OEBR is LOW, the R Register three-state outputs are enabled onto 
the BO-7 lines. When OEBR is HIGH, the R Register outputs are in the high-impedance state. 

CPS The clock for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH transition 
of the CPS signal. 
The clock enable for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH 
transition of the CPS signal. When CES is HIGH, the S Register holds its contents, regardiess of CPS signal 
transitions. 


The output enable for the S Register. When OEAS is LOW, the S Register three-state outputs are enabied onto the 
AO-7 lines. When OEAS is HIGH, the S Register outputs are in the high-impedance state. 


REGISTER FUNCTION TABLE OUTPUT CONTROL 


(Applies to R or S Register) 
internat |__Y-Outpute | 
@_| Am29s0 | amz051_ 7 


Pex | 2 | 2 [Deeb ouput 


L a L H 


L t L L 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-56°C to + 125°C 


Storage Temperature 

Ambient Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 


-0.5V to +7.0V 


-0.5V to +Vcc max 
-0.5V to +5.5V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to + 125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


Am2952-52A/Am2953-53A 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 1) me (Note 2) a 
Voc = MIN MIL, lon=—-2mA | 24 | 34 | | 
Output HIGH Voltage Vin = Vin oF. Vin Ao-7, Bo-7 COM'L, lo = -6.5mA rR Ae el Volts 
MIL, lol =16mMA lo. = 16mA ot eet O68 | 
Output LOW Voltage VGe Sats Bo.7 oe Volts 
VIN=Vini or Vi. | 407 0-7 [CoML Ion 2ema | | ——«i| os 
Guaranteed input logical HIGH 
Guaranteed input logical LOW 


vo Input Clamp Voltage Voc = MIN, in = —16mA 


lit Input LOW Current Voc = MAX, Vin = 0.5V 
ee others 


Input HIGH Current Voc = MAX, Vin = 5.5V 


Vo = 2.4V 
Output Off-state : ee 
Se Voo™ MAX 


Input HIGH Current 


ie 


Output Short Circuit Current e 
(Note 3) 1 des 


Power Supply Current 
cc (Notes 4, 5) 


eS sae ns 
= =e 
ons eee a a ee 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ioc is measured with all inputs at 4.5V and all outputs open. 
5. Worst case Icc is at minimum temperature. 
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SWITCHING TEST CIRCUIT 
A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 


Vec 


TC001081 


5.0 - Vee - VoL ss 5.0 - Vee - VoL 
6 Cire Reeth ey ee ee ee 
lot + VoL lo. + Voi 
1K Ro 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. S1, S2, Sg are closed during function tests and all AC tests except output enable tests. 
3. Sy and Sg are closed while So is open for tpz} test. 
S; and So are closed while Sg is open for tpz, test. 
4. Ci = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2952/2953 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 


Notes on Testing cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


Incoming test procedures on this device should be carefully ete 
planned, taking into account the high complexity and power 4. Use extreme care in defining input levels for AC tests. Many 


levels of the part. The following notes may be useful: inputs may be changed at once, so there will be significant 

noise at the device pins and they may not actually reach Vi. 

1. insure the part is adequately decoupled at the test head. or Vij until the noise has settled. AMD recommends using 
Large changes in Vcc current when the device switches Vit SOV and Viy 23.0V for AC tests. 


may cause erroneous function failures due to Vcc changes. 


5. To simplify failure analysis, programs should be designed to 


2. Do not leave inputs floating during any tests, as they may perform DC, Function, and AC tests as three distinct groups 
start to oscillate at high frequency. of tests. 

3.Do not attempt to perform threshold tests at high speed. 6. To assist in testing, AMD offers complete documentation on 
Following an input transition, ground current may change by our test procedures and, in most cases, can provide 
as much as 400mA in 5-8ns. Inductance in the ground Fairchild Sentry programs, under license. 
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Am2952-52A/Am2953-53A 


Am2952A/Am2953A SWITCHING CHARACTERISTICS 


The tables below define the Am2952/Am2953A switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable 
times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with R__ on Aj and Bj = 2202 and Ri on 
FS and FR = 3002. C, =50pF except output disable times which are specified at C_ = SpF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 


(Ta =0 to +70°C, Voc = 4.75 to 5.25V, CL = 50pF) 


A. Set-up and Hold Times B. Propagation Delays 


With 
meee To 


D. Enable/Disable Times 


Crom [to | bisabie [Enable 
eae 
ie | To 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(Tc =-55 to +125°C, Voc = 4.5 to 5.5V, CL, = 50pF) » : 


A. Set-up and Hold Times. B. Propagation Delays 


D. Enable/Disable Times 


Crom | To | Disable [Enable 
okt Se 
ee ae eee 


Min LOW Min HIGH 
Pulse Width Pulse Width 
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Am2952/Am2953 SWITCHING CHARACTERISTICS 


The tables below define the Am2952/Am2953 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable 
times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with Ri on Aj and Bj = 2202 and R, on 
FS and FR = 30022. CL = 50pF except output disable times which are specified at C. = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(Ta =0 to +70°C, Voc = 4.75 to 5.25V, Cy = 50pF) 
A. Set-up and Hold Times B. Propagation Delays 


[ors | -a0ve6 | - 
[oer | | eove6 | 


D. Enable/Disable Times 


[From | To | Deabie | Enable 
Foes [aor | 2 | a7 
[oeen | eo7 | 2 | ar 


*Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec. 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 


(Tc = -55 to +125°C, Voc = 4.5 to 5.5V, C, = 50pF) 


A. Set-up and Hold Times B. Propagation Delays 


Poee [masse | a Tu ee 
Respect To 
Se 


[ors F[-ssre[ - 
a oe fora | - | -25/26 
ee eee 


CEs 


D. Enable/Disable Times 


[OES [hor] 2 | 8 
joer [er] 2 | | 


“Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec. 
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Am2954/Am2955 


Am2954/Am2955 


Octal Registers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Eight-bit, high-speed parallel registers 

@ Am2954 has non-inverting inputs; Am2955 has inverting 
inputs 

@ Positive, edge-triggered, D-type flip-flops 


@ Buffered common clock and buffered common three- 
state control 

@ Vo =0.5V (max) at lo. = 32mA 

® High-speed — Clock to output 11 ns typical 


GENERAL DESCRIPTION 


The Am2954 and Am2955 are 8-bit registers built using 
high-speed Schottky technology. The registers consist of 
eight D-type flip-flops with a buffered common clock and a 
buffered 3-state output control. When the output enable 
(OE) input is LOW, the eight outputs are enabled. When the 
OE input is HIGH, the outputs are in the 3-state condition. 


Input data meeting the set-up and hold time requirements 
of the D inputs is transferred to the Y outputs on the LOW- 
to-HIGH transition of the clock input. 


The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


BLOCK DIAGRAM 


Inputs Do through D7 are inverted on the Am2955. 


RELATED PRODUCTS 


Description 
8, 9, 10-Bit Registers 
Quad D-Register 


Quad D-Type Flip-Flop 


03603B 


5-326 Refer to Page 13-1 for Essential Information on Military Devices 


CONNECTION DIAGRAM 
Top View 


Y3; GND 
CD004780 


CD004580 


Note: Pin 1 is marked for orientation 


*F-20 pin configuration identical to D-20, P-20. 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am2954 


3 8 13 14 17 


Do 0; D2 Dz Dy Ds Dg 


19 
LS000970 


Note: Inputs Do through D7 are inverted 
on the Am2955 


15 16 


DIE SIZE 0.085” x 0.110” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
DC, DCB, DM, 
DMB 

FM, FMB 

LC, LCB, LM, 
LMB 
XC, XM 


Am2954/2955 D Cc B 
L_ Screening Option 
Blank — Standard processing 
B - Burn-in 


Am2954 
Am2955 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-—20-pin leadless chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Octal Registers combination you wish. 
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Am2954/Am2955 


PIN DESCRIPTION 


Name _| 1/0 | Description 
The D flip-flop data inputs (Am2954, non-inverting/Am2955, inverting). 


Tee a r 1 | Clock Pulse for the register. Enters data on the LOW-to-HIGH transition. 


The register three-state outputs. 


Output Control. An active-LOW three-state control used to enable the outputs. A HIGH level input forces the 
outputs to the high impedance (off) state. 


FUNCTION TABLE 


‘internal | Outputs _ 


LOAD 
REGISTER 


NC = No Change 
Z = High Impedance 
t = LOW-to-HIGH transition 


APPLICATION 
INCOMING DATA BUS 
Op 0, 02 0; D, Os Og 0, Dg 99 01001; 012013044045 Do D, 02 0; O, Ds Dg 07 Dg 990400), B120430;4015 
AOORESS ADORESS 
. 4 


CLOCK CLOCK 
a OE 
16-BiT DATA BUS 
AF001870 
Dual 16-word by 16-bit non-inverting high-speed data buffer. 
03603B 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 


Storage Temperature ..................0.0000. -65°C to + 150°C Commercial (C) Devices 

Ambient Temperature Under Bias......... -55°C to +125°C TUM OUNG oS  gcass ois a akak esska 0°C to +70°C 

Supply Voltage to Ground Potential mupply Voliage <a sais a. + 4.75V to +5.25V 
(Pin 16 to Pin 8) Continuous............... -0.5V to +7.0V 


Military (M) Devices 


Sssé6culy /psézuy 


, 
DC Voltage Applied to Outputs For ° ° | 
; FOMPOONWO 5 -vcsci se s5ss oe hd -55°C to + 125°C 
High Output State .......... eee, ~0.5V. to +Vcc max Siooky Voltage. oreciccetee +4.5V to +5.5V 
DH IApUt VONAGG 5.08.5. Eo osc ceasscenssvesss -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ...............0cccceceee. 30mA ality of the device is quaranteed 
EM A SOU «5 5. cs. de wees ccee ccs. -30 to +5.0mA 9 : 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 3 
Parameters Description Test Conditions (Note 1) pee (Note 2) et 
Voc = MIN MIL, ton= -20mA_ | 24 | 34 | 
VOH Output HIGH Voltage Via =V Vv Volts 5 
INTMIH oF Vin COM, lon=-65mA | 24 | at |_| 


Voc = MIN lou = 20mA Geigas pee 
VoL Output LOW Voltage ns ick Vv 
Guaranteed input logical HIGH 
; Guaranteed input logical LOW 
input Clamp Voltage Voc = MIN, lin = - 18mA 
Input LOW Current 


BCS 300-0) Le ee eee ees a 
ie a meee, ST ee ee ee 
Inout HIGH Culvert st oot Ma Vasey, | 


Off-State (High-impedance) Von = MAX Vo = 0.5V 
Output Short Circuit Current ms 
Power Supply Current am 
(te 4 Yoo= Max [| | ea 


Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Am2954 measured at CLK = LOW-to-HIGH, OE = HIGH and all data inputs are LOW. 
Am2955 measured at CLK = LOW-to-HIGH, OE = HIGH, and all data inputs are OE = HIGH, and all data inputs are LOW. 
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Am2954/Am2955 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) | 


Parameters Description [win | typ | Max 
a, PS ee eA a | 
: OL = 15pF Rema RE Sled 2 ES 
2 eae RL = 2800 ee ee ae 

OE to Yi Seer S ICG 
i, OL-5pF See eae EN ST 

sa Fc = 28082 Se ee 

pu sial gous 


Data to Clock Ry = 28022 we 
Maximum Clock Frequency (Note 1) 


Note: 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t;, tf, 
pulse width or duty cycle. 


gam 
pate | 

ete | 

Sey ee Te 

Se ee SE COS Ea a 
sete SE CE 

es o1 = 1808 Aiea is Rese a DUE Sal 
eo ee ee 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown. 
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Am2956/Am2957 


Octal Latches with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ 8-bit, high-speed parallel latches @ Hysteresis on latch enable input for improved noise 
@ Am2956 has non-inverting inputs margin 

@ Am2957 has inverting inputs ®@ 3-state outputs interface directly with bus organized 
VoL = 0.5V (max) at lo, = 32mA systems 


GENERAL DESCRIPTION 


The Am2956 and Am2957 are octal latches with 3-state When OE is HIGH the bus output is in the high-impedance 
outputs for bus organized system applications. The latches state. 

appear to be transparent to the data (data chacges 
asynchronously) when latch enable, G, is HIGH. When G is 
LOW, the data that meets the set-up times is latched. Data 
appears on the bus when the output enable, OE, is LOW. The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


The Am2956 presents non-inverted data at the outputs 
while the Am2957 is inverting. 


BLOCK DIAGRAM 


BD002430 


Inputs Do through D7 are inverted on the Am2957. 


RELATED PRODUCTS 


Description 
Am29841-46 | 8, 9, 10-Bit Latches 


Copyright © 1980 by Advanced Micro Devices, Inc. 03604B 
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Am2956/Am2957 


CONNECTION DIAGRAM 
Top View 


D-20, P-20 


CD004570 


Note: Pin 1 is marked for orientation 
F-20 pin configuration identical to D-20, P-20. 


METALLIZATION AND PAD LAYOUT 
Am2956 


SYMBOL 


8 13 14 17 18 


D3 Dg Ds Dg 07 
Am2956 


Vy Ve Ys Ve Y7 


9 12 158 16 19 


LS000980 
Note: Inputs Do through D7 are inverted 
on the Am2957 ¢ 


DIE SIZE 0.066” x 0.119” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2956/2957 D Cc B 
L— Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Octal Latches with 3-State Outputs combination you wish. 


PC 

DC, DCB, DM, 
DMB 

FM, FMB 
LC, LCB, LM, 


Am2956 
Am2957 


03604B 
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PIN DESCRIPTION 


| Pin No. |Name | 1/0 | Description 
Peco |. |. Rei fea ee The latch data inputs (Am2956, non-inverting/Am2957, inverting). 


Pe ee The latch enable input. The latches are transparent when G is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 


es ee 


The output enable control. When OE is LOW, the outputs Y; are enabled. When OE is HIGH, the outputs Yj are in 
the high-impedance (off) state. 


FUNCTION TABLES 
Am2956 Am2957 


/_inputs_| Internal | Outputs 
cela [oi] a | vw _ 
a AK al ial < 


Transparent Transparent 
tebe re [ee BY OS TE aa Meas 


NC = No Change 
Z = High Impedance 


> 
3 

rs) 
Pr) 
on 
® 
~ 
he 
3 

RO 
© 
or 
N 


L = LOW 
X = Don't Care 


APPLICATION 


Am2910 
SEQUENCER 


AF001880 


Transparent Latches are used in high performance CPU designs. The Z Latch 
configuration shown provides overlapped fetch of machine instructions and operand data. 
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Am2956/Am2957 


ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ....................e008 -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias ....... -55°C to +125°C Temperature ....... eR 1. hocsh oh on socaes tee 0°C to +70°C 
~ Supply Voltage to Ground Potential SHDN: VOMBOS doses gazes ccscepccupeseeds +4.75V to +5.25V 
(Pin 16 to Pin 8) Continuous............... -0.5V to +7.0V to : 
: Mili M) Devices 
DC Voltage Applied to Outputs For iia ~55°C to +125°C 
High Output State ............. Sis -0.5V to +Vcc max Supply Voltage = RRR mre Sessa +4.5V to +5.5V 
DC Input Voltage RACER O MOPS Ce SC AwwieKe re aes bce oc -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ..................c.ceeeee 30mA ality of the device is guaranteed 
Ce net Cnn eee: -30 to +5.0mA : 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description 
Voc = MIN 
Output HIGH Voltage Vin = Vin oF Vip 


Typ 


Test Conditons (Note 2) 
MIL, lo = -2.0mA 


COM'L, lon = -6.5mA 


Voc = MIN 


lo. = 20mA 
lo. =32mA 


; Guaranteed input logical HIGH 
Es Saggpear! Input HIGH Level voltage for all inputs 
Guaranteed input logical LOW 
a Input LOW Level voltage for all inputs 


Output LOW Voltage Vin = Vin oF Vib 


Input LOW Current Voc = MAX, Vin = 0.5V 
Input HIGH Current CC = MAX, Vin = 2.7V 
Input HIGH Current Voc = MAX, Vin = 5.5V 


Vo = 0.5V 
Voc = MAX Vo = 2.4V 


Voc = MAX 


Input Clamp Voltage Voc = MIN, lin = - 18MA 
V 


Off-State (High-impedance) 
Output Current 


Output Short Circuit Current 
(Note 3) 


2 ftp pple 


Power Supply Current | 2856 | aay AX 
(Note 4) 2957 


Notes:1. Typical limits are at Vcc =5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX use the appropiate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 
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SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Am2956 
Description Test Conditions a 


aaa Enable to O t 
nabdie to Uutpu 
ee 6 


— Data Input to Output 

ee 

ee HIGH Data to Enable 

te(L) LOW Data to Enable CL = 15pF 
ayied) FL: AY HIGH Data to Enable Ri = 2802 
th(L) LOW Data to Enable 

Enable Pulse Width 

ot a OE to Yj 


ee | C. = SpF 
sai a ee 


*Switching Characteristics’ performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


Am2957 
Enable to Output 

PHL SoSeonA 

hs Data Input to Output 
ne een 
fts(H) == |_~——WHIIGH Data to Enable 
LOW Data to Enable as 
'th(H) ss |_~—_— HIGH Data to Enable Ry = 2802 
LOW Data to Enable 

Enable Pulse Width 

' OE to Yj 

ZL 


ae ed eee 
i oe CL = 5pF ao eee Maal See SE SS 
| a ee ced Oe eS 
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Am29203 


Am29203 


Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


Expandable Register File - 

The Am29203 includes the necessary "'hooks'' to 
expand the register file externally to any number of 
registers. 

Built-in Multiplication Logic - 

Performing multiplication with the Am2901A requires 
a few external gates — these gates are contained 
on-chip in the Am29203. Three special instructions 
are used for unsigned multiplication, two's comple- 
ment multiplication and the last cycle of a two's 
complement multiplication. 

Built-in Division Logic - 

The Am29203 contains all logic and interconnects 
for execution of a non-restoring, multiple-length divi- 
sion with correction of the quotient. 


® Built-in Normalization Logic - 
The mantissa and exponent of a floating-point num- 
ber can be developed using a single microcycle per 
shift. 
Built-in Parity Generation and Sign Extension 
Circuitry — 
Can supply parity across the entire ALU outputs 
and provide sign-extension at any slice boundary. 
BCD Arithmetic - 
The Am29203 features automatic BCD add and 
subtract and conversion between binary and BCD. 
Two Bidirectional Data Lines 
Improved I/O Capability - 
Both the DA and DB data buses are bidirectional 
on the Am29203. In addition, the Y port is also bi- 
directional. 


GENERAL DESCRIPTION 


The Am29203 is a four-bit expandable bipolar microproces- 
sor slice. The Am29203 performs all functions performed 
by the industry standard Am2901 and Am2903A, in addi- 
tion, provides a number of significant enhancements that 
are especially useful in arithmetic-oriented processors. 
Infinitely expandable memory and three-port, three-address 
architecture are provided by the Am29203. In addition to its 


complete arithmetic and logic instruction set, the Am29203 
provides a special set of instructions which facilitate the 
implementation of multiplication, division, normalization, 
BCD arithmetic and conversion, and other previously time- 
consuming operations. The Am29203 has three bidirection- 
al ports and features AMD's ion-implanted micro-oxide 
(IMOX™) technology. 


BLOCK DIAGRAM 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 


> 
3 
ND 
© 
x 
rn) 
x) 


Bt aoe 


CD004501 
CD004881 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 


1 48 47 46 45 44 43 


42 
41 
40 
39 


38 

37 

GND 

36 (Vcc) 
35 


F282 a2 eee 
SSRrReBesysea le 


2] 
a 


FOO oosuco 


Nees 


EMILE ACA SCIACCA 


22 GND 23 24 25 26 27 28 29 


BE BERR ee WEB 


Y¥3 Yo Y1 Yo 


19 18 17 16 DIE SIZE 0.163” x 0.197” 
LS000961 Note: Pin numbers correspond to DIP package. 
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~Am29203 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29203 D B 
L_ Screening Option 
Blank — Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 48-pin CERDIP 

F—48-pin flatpak 

L-—52-pin leadiess. chip carrier 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Bipolar Microprocessor Slice combination you wish. 


RELATED PRODUCTS 


a 


Vectored Priority Interrupt 


[amaaee | Condon Code WX 
[am@aas | Sytem Clock Generaior 
Tan@asa | Brrectoral VO Pot 
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PIN DESCRIPTION 


ee eaten 
| {Agog =—SS« | Four RAM address inputs which contain the address of the RAM word appearing at the RAM A output port. 


bee Four RAM address inputs which contain the address of the RAM word appearing at the RAM B output port and into 


which new data is written when the WE input and the CP input are LOW. 
Bee ng The RAM write enable input. If WE is LOW, data at the Y !/O port is written into the RAM when the CP input is 
os a s 


LOW. When WE is HIGH, writing data into the RAM is inhibited. 


A four-bit external data input which can be selected as one of the ALU operand sources; DAp is the least 
significant bit. On the AM29203, the DA path is bidirectional, operating as either an ALU source operand or as an 
external output for the RAM A-port. 


EA A control input which, when HIGH selects DAg.3 as the ALU R operand, and, when LOW, selects RAM output A as 
the ALU R operand and the DAo.3 output data. 


A four-bit external data input/output. Under control of the OEB input, RAM output port B can be direct! 


y read on 
these lines, or input data on these lines can be selected as the ALU S operand. 


OEB A control input which, when LOW, enables RAM output B onto the DBp.3 lines and, when HIGH, disables the RAM 
output B tri-state buffers. 


rs cen es ee 
| tg. = | | The nine instruction inputs used to select the Am29203 operation to be performed. 


‘iilacs ia The instruction enable input which, when LOW, allows the Q Register and the Sign Compare flip-flop to be written. 


When IEN is HIGH, the Q Register and Sign Compare flip-flop are in the hold mode. On the Am29203, WRITE is 
aes is Output generally indicates the carry-out of the Am29203 ALU. Refer to Table 5 for an exact definition of this 
pin. 


not affected by , but internally disables the RAM write enabie. 


and generally indicates the sign, N, of the ALU result at the most significant slice. Refer to Table 5 for an exact 
definition of this pin. 


P/OVR A multi-purpose pin which indicates the carry propagate, P, function at the least significant and intermediate slices, 
and indicates the conventional two's complement overflow, OVR, signal at the most significant slice. Refer to 
Table 5 for an exact definition of this pin. 
1/0 | An open-collector input/output pin which, when HIGH, generally indicates the outputs are all LOW. For some 
Special Functions, Z is used as an input pin. Refer to Table 5 for an exact definition of this pin. 


1/0 | Bidirectional serial shift inputs/outputs for the ALU shifter. During a shift-up operation, SIOp is an input and SIO3 
an output. During a shift-down operation, SIO3 is an input and SiOp is an output. Refer to Tables 3 and 4 for an 
exact definition of these pins. 


Bidirectional serial shift inputs/outputs for the Q shifter which operate like SIO and SIO3. Refer to Tables 3 and 4 
for an exact definition of these pins. 


An input pin which, when tied LOW, programs the chip to act as the least significant slice (LSS) of an Am29203 
array and enables the WRITE output onto the WAITE/ pin. When LSS is tied HIGH, the chip is programmed to 
operate as either an intermediate or most significant slice and the WRITE output buffer is disabled. 


oe pee 1/0 | When LSS is tied LOW, the WRITE output signal appears at this pin; the WRITE signal is LOW when an instruction 


G/N oa A multi-purpose pin which indicates the carry generate, G, function at the least significant and intermediate slices, 


which writes data into the RAM is being executed. When [SS is tied HIGH, /MSS is an input pin; tying it 
HIGH programs the chip to operate as an intermediate slice (IS) and tying it LOW programs the chip to operate as 
the most significant slice (MSS). 


Yo.3 1/O | Four data inputs/outputs of the Am29203. Under control of the OEY input, the ALU shifter output data can be 
enabled onto these lines, or these lines can be used as data inputs when external data is written directly into the 
RAM. 
A control input which, when LOW, enables the ALU shifter output data onto the Yo.3 lines and, when HIGH, 
disables the Yo.3 three-state output buffers. 


CP The clock input to the Am29203. The Q register and Sign Compare flip-flop are clocked on the LOW-to-HIGH 
transition of the CP signal. When enabled by WE, data is written in the RAM when CP is LOW. 


ARCHITECTURE OF THE Am29203 


The Am29203 is a high-performance, cascadable, four-bit 
bipolar microprocessor slice designed for use in CPUs, periph- 
eral controllers, microprogrammable machines, and numerous 
other applications. The microinstruction flexibility of the 
Am29203 allows the efficient emulation of almost any digital 
computing machine. The nine-bit microinstruction selects the 
ALU, sources, function and destination. The Am29203 is 
cascadable with full lookahead or ripple carry, has three-state 


outputs, and provides various ALU status flag outputs. Ad- 
vanced Low-Power Schottky processing is used to fabricate 
this 48-pin LSI circuit. 


All data paths within the device are four bits wide. As shown in 
the block diagram, the device consists of a 16-word by 4-bit, 
two-port RAM with latches on both output ports, a high- 
performance ALU and shifter, a multi-purpose Q Register with 
shifter input, and a nine-bit instruction decoder. 


Two-Port RAM 


Any two RAM words addressed at the A and B address ports 
can be read simultaneously at the respective RAM A and B 
output ports. Identical data appear at the two output ports 
when the same address is applied to both address ports. The 
latches at the RAM output ports are transparent when the 
clock input, CP, is HIGH and they hold the RAM output data 
when CP is LOW. Under control of the OEB three-state output 
enable, RAM data can be read directly at the Am2903 DB I/O 
port. On the Am29203, EA provides the same feature at the 
DA port. 


External data at the Am29203 Y I/O port can be written 
directly into the RAM, or ALU shifter output data can be 
enabled onto to Y I/O port and entered into the RAM. Data is 
written into the RAM at the B address when the write enable 
input, WE, is LOW and the clock input, CP, is LOW. 
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Am29203 


Arithmetic Logic Unit 


The Am29203 high-performance ALU can perform seven 
arithmetic and nine logic operations on two 4-bit operands. 
Multiplexers at the ALU inputs provide the capability to select 


various pairs of ALU source operands. The EA input selects — 


either the DA external data input or RAM output port A for use 
as one ALU operand and the OEB and Io inputs select RAM 
output port B, DB external data input, or the Q register content 
for use as the second ALU operand. Also, during some ALU 
operations, zeroes are forced at the ALU operand inputs. 
Thus, the Am29203 ALU can operate on data from two 
external sources, from an internal and external source, or from 
two internal sources. Table 1 shows all possible pairs of ALU 


instruction bits I4, Ig, lo, and ly. Table 2 defines the ALU 
operation as a function of these four instruction bits. 


Am29203s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am29203s are 
cascaded, each slice must be programmed to be a most 
significant slice (MSS), intermediate slice (IS), or least signifi- 
cant slice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme 
are generated by the Am29203 and are available as outputs of 
the least significant and intermediate slices. 


The Am29203 also generates a carry-out signal, Cp + 4, which 
is generally available as an output of each slice. Both the 
carry-in, Cp, and carry-out, Cp, +4, signals are active HIGH. 


The ALU generates two other status outputs. These are 
negative, N, and overflow, OVR. The N output is generally the 
most significant (sign) bit of the ALU output and can be used 
to determine positive or negative results. The OVR output 
indicates that the arithmetic operation being performed ex- 
ceeds the available two's complement number range. The N 


source operands:as a function of the EA, OEB, and Io inputs. 


TABLE 1. ALU OPERAND SOURCES 


_EA | Io | OEB |ALU Operand R| ALU Operand S_ 


| : : at Onrott ‘ th gran 7 and OVR signals are available as outputs of the most 

H RAM Output A |Q Register significant slice. Thus, the multipurpose G/N and P/OVR 

L DAo.3 Ram Output B outputs indicate G and P at the least significant and intermedi- 

L DAo.3 ate slices, and sign and overflow at the most significant slice. 

H DAo-3 To some extent, the meaning of the Cp, + 4,.P/OVR, and G/N 

signals vary with the ALU function being performed. Refer to 

ghey Table 5 for an exact definition of these four signals as a 
: = Sea Care function of the Am29203 instruction. 


ALU Shifter 


Under instruction control, the ALU shifter passes the ALU 
output (F) non-shifted, shifts it up one bit position (2F), or shifts 
it down one bit position (F/2). Both arithmetic and logical shift 
operations are possible. An arithmetic shift operation shifts 
data around the most significant (sign) bit position of the most 
significant slice, and a logical shift operation shifts data 
through this bit position (see Figure A). SIOp and SIO3 are 
bidirectional serial shift inputs/outputs. During a shift-up oper- 
ation, SIOo is generally a serial shift input and SIOg a serial 
shift output. During a shift-down operation, SIO3 is generally a 
serial shift input and SIOo a serial shift output. 


TABLE 2. Am29203 ALU FUNCTIONS 


falistiz|ty [io] ALU Functions 
SE oe Ce 
ree [eH |x| = § Minis A Minos 1 Plus Gy 
PEPE [HL [x] r= A Mins S wins 1 Pus Cy | 
rePL [HTH |x| F = Pus S Pun Gy 
Pa fat fe pus] oP BPhety oi 82 ew bo 
Seti 
PEW [A [L || Resowed Special Funcions 
Ponies tee 
CEH [ATH] U Reserved Special Funcions 
cre ges RN ra i eae aR 
PHL [eee] Special Functions 
N16DD OR aera 
rape fa|x| a= Bans 
PHL [W]e [x| Fi = RV EXCLUSNENOAS 
PH[L|H|H|X| Fj = Ri EXCLUSIVE OR S 

aa fefelx| ie RAIDS 
FHIH{L]H|X| Fj = Ri NOR S 
PH] H|H|t|X]| Fi = Ri NAND S 
PHI HTHIH] Xx] Fi = RiORS 


To some extent, the meaning of the SIOp and SIO3 signals is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


The ALU shifter also provides the capability to sign extend at 
slice boundaries. Under instruction control, the SiOg (sign) 
input can be extended through Yo, Y1, Y2, Y3 and propagated 
to the SIO3 output. 


A cascadable, five-bit parity generator/checker is designed 
into the Am29203 ALU shifter and provides ALU error detec- 
tion capability. Parity for the Fo, F1, Fo, Fg ALU outputs and 
SIO3 input is generated and, under instruction control, is made 
available at the SIOo output. Refer to the Am29203 applica- 
tions section for a more detailed description of the Am29203 
sign extension and parity generation/checking. capability. 


The instruction inputs determine the ALU shifter operation. 
Table 4 defines the special functions and the operation the 


L = LOW ALU shifter performs for each. When the Am29203 executes 
H = HIGH instructions other than the special functions, the ALU shifter 
i = O0to3 operation is determined by instruction bits Ig, I7, lg, I5. Table 3 
X = LOW or HIGH 


defines the ALU shifter operation as a function of these four 
bits. 


When instruction bits I4, I3, lo, ly, and Io are LOW, the 
Am29203 executes special functions. Table 4 defines these 


Q Register 


‘special functions and the operation which the ALU performs 
for each. When the Am29203 executes instructions other than 
the 16 special functions, the ALU operation is determined by 


5-340 


The Q Register is an auxiliary four-bit register which is clocked 
on the LOW-to-HIGH transition of the CP input. It is intended 
primarily for use in multiplication and division operations; 
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however, it can also be used as an accumulator or holding 
register for some applications. The ALU output, F, can be 
loaded into the Q Register and/or the Q@ Register can be 
selected as the source for the ALU S operand. The shifter at 


the input to the Q Register provides the capability to shift the . 


Q Register contents up one bit position (2Q) or down one bit 
position (Q/2). Only logical shifts-are performed. QlIOg and 
QIO3 are bidirectional shift serial inputs/outputs. During a Q 
Register shift-up operation, QIOg isa serial shift input and 
QIO3 is a serial shift output. During a shift-down operation, 


Double-length arithmetic and logical shifting capability is 
provided by the Am29203. The double-length shift is per- 
formed by connecting QIO3 of the most significant slice to 
SIOp of the least significant slice, and executing an instruction 
which shifts both the ALU output and the Q register. 


The Q register and shifter are controlled by the instruction 
inputs. Table 4 defines the Am29203 special functions and the 
operations which the Q register and shifter perform for each. 
When the Am29203 executes instructions other than the 


eozezwiy 


- special functions, the Q register and shifter operation is 
controlled by instruction bits lg, I7, Ig, 15. Table 3 defines the Q 
register and shifter operation as a function of these four bits. 


QIO3 is a serial shift input and QIiOpo is a serial shift output. 


Figure A. 
Am29203 Arithmetic Shift Path 


Least 
Signifi Significant or 
rte : intermediate Slice 


DF000780 pS coig 


Am29203 Logical Shift Path 


All 
Slice Positions 


DF000790 


TABLE 3. ALU DESTINATION CONTROL FOR !9 OR 1; OR I2 OR I3 = HIGH, IEN = LOW 


~ FR WARS Bie. 0 Renee ceed 
Hex Most Sig.| Other |Most Sig.) Other iMc Other WRITE 


ALU Shifter 
Function 


Tet tt] 0 [Aim rev | inp [input] Fo | S103] SOs | Fs fro| [fo | c [Mow [Anz [nz 
PLL LHI 14 flog F/2—¥ | input | input} Sids | Si0s] Fa | Fa | Fe| Fi [Fo | & [Hold  [Hiz |HiZ | 
Lob H L{ 2 [Arith F/2—Y | Input | input} Fa | SiOa] SiOs | Fa | Fe} Fi [Fo | Lb |Log. Q/2-Qlinput |Qo_| 
PLL H HI 3 |Log F/2~Y | Input _| Input} Sids | Sig] Fa | Fa | Fe| Fi [Fo | |Log Q/2-Qlinput |Qo_| 
pu H tt {4 [Fv input] input} Fo | Fo [Fe | Fe | Fr | Fo-[Parity | [Hold [Hi-Z [Hi-Z | 
peo H bo HI] 5 [Fy | input_| input] Fo | Fa | Fe | Fe | Fi | Fo [Parity | H |Log. Q/2-Q|Input|Qo_| 
pec H H L{ 6 [FY | input | input} Fo | Fa Pe | Fe | Fi | Fo [Parity | H [F-Q [Hi-Z [Hi-Z | 
peoH HOH] 7 [Fy | input_| input] Fo | Fo | Fe | Fe | Fi | Fo [Parity] tL  [F-Q  [HiZ [Hiz | 
CHL tL @ [arth oF-v | Fo | Fo | Fo | fo] mo] fi [Fo [StOo|imou | t |how _[Hez [riz 
Se A ee 8 Re ee ee ee 
PH LH LI A JArth ay | Fe | Fo | Fs | Fe | Fi | Fi | Fo |SlOojinput | Lt [Log 20-0 |Q3_ | input, 
PEA log YP Lore bef onl tn 20-0 oat 
BH HL UL] CG [roy | Fs i Fo | a Baby Fe hfe] Fai] Fo [ez [Hold [He [ez | 
NS 
a a aed a Be coe rad leans ik nd 
Yo, Y3 
foretell eo te te lhe ee [oe fee dee 


Parity =F3 V Fo V Fy V 
V = Exclusive OR 

L = LOW 

H = HIGH 


Hi-Z = High Impedance 
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Am29203 


TABLE 4. SPECIAL FUNCTONS (note 7) 


Q Reg & 
(Hex) Special ALU Shifter) Most Sig/| Other 
atrels fom | meee ao Function al 


L Unsigned Multiply F=S+C,if Z=L Log F/2 . Y input Log Q/ L 
F=R+S+C, if Z=H (Note 1) 2.'Q 
L BCD to Binary (Note 4) Log F/2 — Y Log Q/ L 
Conversion 2~Q 
Multiprecision (Note 4) Log F/2 4. Y L 
BCD to Binary 
L Two's Complement | F=S+Cp, if Z=L Log F/2 = Y Log Q/ L 
Multiply F=R+S+C, if Z=H (Note 2) 2.Q 
L Decrement by F=S-2+C, fe Parity L 
One or Two 
L Increment by F=S+1+C, ee 
One or Two 
L Sign/ Magnitude F=S$+C, if Z=L Piary 
Two's Complement | F=5+C, if Z=H (Note 3) 
L Two's Complement | F=S+ Cp, if Z=L Log F/2 4 Y L 
Multiply, Last F=S-R-1+C, if Z=H (Note 2) 
Cycle 
7 E BCD Divide Pay L 
by Two 
Ci Di Me ca MC 
jormalize -~ Q 


: eee OO Log 2F  Y Log 2Q 
Conversion re 


a a ors ae 
ee oo * "DCD 


Double Length ae =S+Cp, be ae 
ee and cat Sade 
Paste Op 
BCD Add F=R+S+C,8CD 
(Note 6) 
ios oe eee <5 Fea es L uncon samuel nie die 
-~R-1+C, if Z=H ca 


BCD Subtract F=R-S-1+C, BCD 
(Note 6) 


Two's Complement | F=S+R+C, if Z=L 
Divide Correction F=S-R-1+C, if Z=H ae 
and Remainder 
OE SSS TS sce cal 


. At the most significant slice =" oy n +4 signal is internally gated to the Y3 output. 
2. At the most significant slice only, Fg VY OVR is internally gated to the Y3 output. 
. At the most significant slice only, S3 V Fg is generated at the Y3 output. 
. On each slice, F =S if magnitude of So. is less than 8 and F = S minus 3 if magnitude of So.3 is 8 or greater. 
. On each slice, F=S if magnitude of So.g is less than 5 and F =S plus 3 if magnitude of So.g is 5 or greater. Addition is module 
16. 
. Additions and subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format. 
. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 


= LOW Hi-Z = High impedance 
= HIGH V = Exclusive OR 
= Don't Care Parity = SIOg V Fg V Fo V Fy V Fo 


Figure B. Sign Compare Flip-Flop 
Rg y Fy 


SPECIAL 
FUNCTION 
AORC 


1EN 


DF000760 
The sign compare signal appears at the Z output of the most significant slice during special functions C, D 
and E, F. Refer to Table 5. 
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Output Buffers 


The DB, DA, and Y ports are bidirectional |/O ports driven by 
three-state output buffers with external output enable controls. 


_ The Y output buffers are enabled when the OEY input is LOW 
and are in the high impedance state when OEY is HIGH. The 
DB output buffers are enabled when the OEB input is LOW 
and the DA buffers are enabled when EA is LOW. 


The zero, Z, pin is an open collector input/output that can be 
wire-OR'ed between slices. As an output it can be used as a 
zero detect status flag and generally indicates that the Yo_3 
pins are all LOW. To some extent the meaning of this signal 
varies with the instruction being performed. Refer to Table 5 
for an exact definition of this signal as a function of the 


Am29203 instructions. On the Am29203, the Z pin will be — 


HIGH if OEY is HIGH, allowing zero detection on less than the 
full word. 


Instruction Decoder 


The Instruction Decoder generates required internal control 
signals as a function of the nine Instruction inputs, Io_g; the 
Instruction Enable input, EN; the LSS input; and the WRITE/ 
MSS input/output. 


The WRITE output is LOW when an instruction which writes 
data into the RAM is being executed. Refer to Tables 3 and 4 
for a definition of the WRITE output as a function of the 
Am29203 instruction inputs. 


On the Am29203, when IEN is HIGH, the Q register and Sign 
Compare Flip-Flop contents are preserved. When IEN is LOW, 
the Q register and Sign Compare Flip-Flop can be written 
according to the Am29203 instruction. The Sign Compare Flip- 
Flop is an on-chip flip-flop which is used during an Am29203 
divide operation (see Figure B). On the Am29203, IEN controls 
internal writing, but does not affect WRITE. The IEN signal can 
then be controlled separately at each chip to facilitate byte 
operations. 


Programming the Am29203 Slice Position 


Tying the LSS input LOW programs the slice to operate as a 
least significant slice (LSS) and enables the WRITE output 
signal onto the WRITE/MSS bidirectional I/O pin. When LSS 
is tied HIGH, the WRITE/MSS pin becomes an input pin; tying 
the WRITE/MSS pin HIGH programs the slice to operate as 
an intermediate slice (IS) and tying it LOW programs the slice 
to operate as a most significant slice (MSS). The W/MSS pin 
must be tied HIGH through a resistor. W/MSS and LSS should 
not be connected together. 


Am29203 SPECIAL FUNCTIONS 


The Am29203 provides 16 Special Functions which facilitate 
the implementation of the following operations: 


Single- and Double-Length Normalization 

Two's Complement Division 

Unsigned and Two's Complement Multiplication 
Conversion Between Two's Complement and Sign/Magni- 
tude Representation 

@ Incrementation and Decrementation by One or Two 

@ BCD add, subtract, and divide by two. 

@ Single-and double-precision BCD to Binary and Binary to 
BCD conversion. 


Table 4 defines these Special Functions. 


The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 


Three Special Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by 
the Am29203. These functions provide both single- and 
double-precision divide operations and can be performed in 
''n" clock cycles, where ''n'' is the number of bits in the 
quotient. 


The Unsigned Multiply Special Function and the two Two's 
Complement Multiply Special Functions can be used to 
multiply two n-bit, unsigned or two's complement numbers, 
respectively, in n clock cycles. These functions utilize the 
conditional add and shift algorithm. During the last cycle of the 
two's complement multiplication, a conditional subtraction, 
rather than addition, is performed because the sign bit of the 
multiplier carries negative weight. 


The Sign/Magnitude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be convert- 
ed to the Two's Complement representation, and vice-versa, 
in one clock cycle. - 


The Increment by One or Two Special Function can be used to 
increment an unsigned or two's complement number by one 
or two. This is useful in 16-bit word, byte-addressable ma- 
chines, where the word addresses are multiples of two. 


The BCD arithmetic special functions can be used to add or 
subtract two BCD numbers and generate a valid BCD result in 
one microcycie. In addition a BCD divide by two adjust 
instruction can be used to obtain a valid BCD representation 
after shifting a number down by one bit. 


The BCD/Binary conversion special function instructions facili- 
tate single- and double-precision algorithms to convert from 
BCD to Binary and from Binary to BCD. 


Refer to Am29203 applications section for a more detailed 


description of these Special Functions. 
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cozezuy 


Am29203 


ae, eS X TOETe =L) 


epee rag Least lg 
— 
ck 


Sn (ere eo CP Yo 4 Ya 
px ft [xy Ries | Riv si [Gv PCnlCn+a7Cn+4 FP | fs | G |Yov Ye ¥s 
pacity agi a 


el een n+4 


aaa 

Feral 

Px [oe [xp as POR Sev PCalnes Tea F Te [RoVi ta Valo Vi Ve Val oVs Va Vs 
Tx [8 [xp pins | Riv S [Gv PCaltnsaVGneq P| Fo | [Yo Wr Wo Val Vo Vi Vo Va|YoVi Vo Va| 
oT A 
Px fs [xp 0 | § [Gv PGnltnsa¥Grea P| fa [6 |¥o¥s Wo Va) Vo 4 Ve Vo] Yo Vi Va Va! 
8 or 
Tx [7 [xp 0 | [ev PCaltnea Orval P| Fa | © |W Yo Va|¥o V1 Wo Vol V0 Vi Vo Vo) 
(ye Gn oe Le es Nl ee 
Perit wee te | oe) Rt eee i 
Tx Ta Txt ans | avs | 0, ] 0 | 0 | ts [oO [vos We Yolo M4 Vo Wo]V0 Vi Va Vs 
Dx [8 [xf fas | vs | 0 | 0 | 0 | Fa _| .@ |¥o va Wo Ya] Vo V1 Vo Vo[¥o "a Yo Va| 
CxTppo xp ag por Sp op ef 0 | Fy _|_@ [vo Ws Wo Wa] Vo V1 Vo Vol Yo Ma Va Va) 
ES ei Sel a as i 
Pe Ne ee | ee one 
aan Eee Te ae ces I AAA 
po fe [i lataiea] ARSE feveafecrreed # [oe Le 16 


ae se a 
) ine cee ete a Acc 


pt fe [tated Age pempeved |» [elm [om | a 


poet er be pobre er 
Se sec merap eae RACAL RA LALA 


as =L Fg ifZ=L 
Ps [oft] e  [Btzch fev ronltvo rod F |raiPeeveen| S | % | tm | mt 
0 if Z=L ea 
L eer Ee rr at Gv PCn|Cn+3 ¥ Cn+4 


se ee eh 
Stat ee ee eee 
Te fo ftp ef Rv Calms POnsa] P| Fs | © [05 04 Op Cal Or Op Gal Gi Oe Ge 
a oh a a ee ae A A 
PRL err ee le ie, ee | Poe Giese ook 

Poet ee aes rial eee (enol oe (aaa RIEENEGNEE 


Topo ftp aS | Av [ev POnlnsatGral P| fe | © YoY YavalYos Wo valYovs YoYo 


aie prreieved Fon |e i on — 


i NLA Yo ¥4 Yo Ya. 


if LSS is LOW, Go=Spo and G1 2 3=0. If CSS is HIGH, Go, 1, 2 3=0. L=LOW=0 
If LSS is LOW, Po = 1 and P4, 2 3=S4, 2. 3. it LSS is HIGH, B= Sj H = HIGH = 1 
. At the most significant slice, S +4= Q3 Vv Qo. At other slices, Ch +4=Gv PCh. V=OR 
. At the most significant slice, Cp +4=F 3 V Fo. At other slices, Chn+4=Gv PCph. “~=AND 
.Z= = Gp Gi Os Os Fo Fi Fo Fo. Vv = EXCLUSIVE OR 
" t TSS is LOW, Go =0 and Gy, 2 3=S1, 2 3. it LSS is HIGH, Go, 1, 2, 3=So, 1, 2, 3. P =P3Po2P4Po 
. If CSS is LOW, P So and 1 Py, 3= 1. If LSS is HIGH, Po 4 2 3=1. G=Gg3 V GoP3 GiPoP3 v GoP1PoP3 
. On all slices P= oS +P3) (Po ré 9) (Po + Gy + Po). Ch +3 = Go v GiP2 v GoP1Poe 

Vv CrhPoP; Po 


. On all slices G = G3 (Go + Gy + Po) (Go + G1) (P; + Go) (Pg +P; °-P 2° Go). 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 


Storage Temperature .................0cc0eee -65°C to +150°C Commercial (C) Devices 

Ambient Temperature Under Bias......... -55°C to + 125°C ITIDORGIIMG oon ste Meas cs ws bass us veces 0°C to +70°C 

Supply Voltage to Ground Potential BURDIY- VONBOS 5 5525S cask ooo civic kts +4.75V to +5.25V 
COBUIIE ae verre van ee -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For T . - 
OINDITIS oA Sci ao cmne -55°C to +125°C 
High Output State ...-).r..-1+.s-aneres- =O,0¥ lot NcComan ae MIO Sis eisai stncs sic vedeeeuees: +4.5V to +5.5V 
Bee UE MON OG ois ccs de csotciccnceaes -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs.....................cceee 30mA ality of the. device Is guaranteed 
Ese WOU RAMIOING 5 5 «cenit eases scthccosceuses -30mA to +5.0mA g : 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


3 Typ 
lIoH = — 1.6mMA 
ee See 
| BA Volts 


OH = — 800 
DBo.3,P/OVR 
Se C8 A100,Al0s, 
’ Crh +4 
Output Leakage Current Voc = MIN, Vou = 5.5V uA 
CEX for Z Output (Note 4) Vin = Vin or Vit 
Yo,Y1,Yo lo. = 20mA(COM'L) 
Y3,Z lot = 16mA(MIL) 


om eee) Tas 
089,083 
eae, 05 
Same ae 


Voc = MIN 


VOoH Output HIGH Voltage Vin = Vin or Vit 


Voc = MIN 


VOL Output LOW Voltage lo. = 18MA 


P/OVR lot = 10mA 
Sly 
3MIVO Ilo, = 8.0mMA 
. QIO3,SIOo ss 
Guaranteed input logical LOW 
Input. LOW Level voltage for all inputs (Note 6) 


Yo.¥1,Y2,Y3 


ite ee 
eS) ae 
ae ee 
lo,!4,12,13,14 
Bs BRBrors | |_| 072 | 
oor | tl 
QIO3,DBp,DB;, -~077 
DB2,DB3 
Pes ee 
Fe See 
ee 
Sent: ee 
pe hee 


Vin = Vint oF Vit 


(2) 


Voc = MAX, Vin = 0.5V 
(Note 4) 


hie Input LOW Current 


Io-l4,DA9-DAg 
$109,S1I03,MSS 
QIO3,DBo.3, 
QIOg 


Voc = MAX, Vin = 2.7V 
(Note 4) 


Input HIGH Current 


03594B 
5-345 Refer to Page 13-1 for Essential Information on Military Devices 


cozc6cuiy 


: | Typ 
Parameters Description Test Conditions (Note 1) pial otha | Uo | 


|| Input HIGH Current Voc = MAX, Vin = 5.5V ee 


Yo-Y 
Off State Ade Vo=05V [ | | -1130, 
oz {HIGH Impedance) (Note 4) ieee ot ea 
wet Output Current sa DBo-3,QI09,QI0: O 


Se aad ITE/ 
Output Short Circuit Voc = MAX + 0.5V nmi 
Current (Note 3) Vo = 0.5V 

Pee Ce vs ee eee 

pride 

Ta = 70°C 

lec Power Supply Current Voc = MAX ee ee ee 


fo=-s5 wc | |_| aes | ™ 
Mi fTgetasro | 


. For conditions shown as MIN or MAX, use the appropriate value specified 
under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc=5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short 

4 


(Note 5) 


circuit test should not exceed one second. 
. Yo-3, DBo-3, SIOp,3, QlIOo,3, and WRITE/MSS are three state outputs internally 

connected to TTL inputs. Z is an open-collector output internally connected to a 
TTL input. Input characteristics are measured under conditions such that the 
outputs are in the OFF state. 

5. Worse case Icc is at minimum temperature. 

6. Three input levels provide zero noise immunity and should only be static tested 

in a noise-free environment (not functionally tested). 
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oa 


Am29203 Burn-in and Life Test Circuit 


1k 
Voc 
43 Bhs 39 ae 31 


lg tg OA, DA, EA CSS IEN OEY OEB 


CLOCK 


< 
QO 
o 


. 


19 


Is 1g 13 ty OA, DA, WE 


MSS 
0.1F 


Vec = 5.0V Vec 
Frequency = 100kHz O.1uF 

Ta = +125°C = 

All registers are 1/4 watt +5% . 

This circuit conforms to MIL-STD-883, Methods 1005 and 1015, Condition D. 
One Am9316 Can Drive Maximum of Five Am29203s. 


TC001520 


Notes on Testing 


Incoming test procedures on this device should be carefully 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 


planned taking into account the high complexity and power 4. Use extreme care in defining input levels for AC tests. Many 

levels of the part. The following notes may be useful: ‘inputs may be changed at once, so there will be significant 

noise at the device pins and they may not actually reach Vj, 

1.Insure the part is adequately decoupled at the test head. or ViH until the noise has settled. AMD recommends using 
Large changes in Vcc current when the device switches Vit <OV and Viv =3.0V for AC tests. 


may cause erroneous function failures due to Voc changes. 


5. To simplify failure analysis, programs should be designed to 


2.Do not leave inputs floating during any tests, as they may perform DC, Function and AC tests as three distinct groups 
start to oscillate at high frequency. of tests. 

3.Do not attempt to perform threshold tests at high speed. 6. To assist in testing AMD, offers complete documentation on 
Following an input transition, ground current may change by our test procedures and, in most cases, can provide 
as much as 400mA in 5—8ns. Inductance in the ground cable Fairchild Sentry programs, under license. 
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Am29203 


SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 


Vec Voc 
R R 
S; : S; : 
Your OO Your OO 
Ra | CL 3 
TC001380 TC001420 
TC001430 
2.4V 
Ro=—— 
1OH 
5.0 - Vee - VoL 5.0 - Vee - VoL 5.0-VoL 
12 Seer ws | gains Barat SBeee Taree Re ore 
lo. + VoL lo + Vor loL 
1K Ro 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in hand in test 
fixture. 
2. S1, Se, Sg are closed during function test and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpz} test. 
S; and So are closed while Sg is open for tpz, test. 
4. C, = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am29203 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices."’ 
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Am290203 GUARANTEED COMMERCIAL RANGE PERFORMACE 


The Am290203 switching characteristics are a function of the mode of the devices. The data has been condensed onto the 
power supply voltage, the temperature, and the operating tables below. 


INDEX TO SWITCHING TABLES 


Data Type | Conditions Applicable To 
Clock and Write Pulse | 4.75 to 5.25V, 0 to 70°C __ |All Functions 


ag 
3 
N 
© 
nN 
a) 
o 


Am29203 Guaranteed Commercial TABLE B. ENABLE/DISABLE TIMES 
Range Performance ALL FUNCTIONS 


The tables below specify the guaranteed performance of the 
Am29203 over the commercial operating range of 0 to + 70°C, 
with Voc from 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at 1V/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 


TABLE A. CLOCK AND WRITE PULSE 
CHARACTERISTICS 
ALL FUNCTIONS 


Minimum Clock LOW Time 


Note: C, = 5pF for output disable tests. Measure- 
ment is made to a 0.5V change on the 
output. 


COMBINATIONAL PROPAGATION DELAYS 
C. = 50pF 
1-2 STANDARD AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS 


From |v |enee| BP] 2 | wm | ov |oa.05] WA aioe») sto» | sios | S08) 
aeke| eo fe le|« etn), - | >} pe wo 
Pe [el tedtel © se a | ee 
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Am29203 


TABLE C. SET-UP AND HOLD TIMES ALL FUNCTIONS 


ee ia a ee 


Se oe ee paige ree narime or eam 


es a ao 
Le a ae er ee ee 
Gent Gus [Dont Gwe | 6_| 0 [wit to Raw 
AB Source —=«icPSSS~*~*~<“~*~*~*~*~S~S 2) |_| Dont Garo | Dont Care [Latch Data rom RAM Out 
[8 Cesnaion for oir te rene 
a ET eee ee or 
a cee oa cri Sanremo 
PN rig Jo 24 | tow «dt 0 revent Wing into 
Dont Care| 27 | 0 |Witemo@ = 
eS ae de eum [ho cmec a) 9 ‘cho peo) o 


Note: 1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OEY = 0). 


1-5 BCD INSTRUCTIONS (SF 1, SF 7, SF 9, SF B, SF D, SF F) 


Note 1: Binary to BCD and multiprecision Binary to BCD Instructions only. 


BCD to Binary conversion (SF 1) Binary to BCD conversion (SF 9) BCD substract (SF D, SF F) 
BCD divide by two (SF 7) BCD add (SF B) 
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Guaranteed Combinational Delays 
Ta =0 to +70°C, Voc = 4.75 to 5.25V 
1-3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6) 


; ee ee ee a 
DA SiO 
Y | Gua DB WR Parity 
(ee a ee ee a ieee 
aa eer 


Ce ean Bee | Sead Ma | Ss |e es 


cozetuy | 


LSS ee ee ee ee ee 
‘2 ee ee el ae ee ek = 


Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle 


SF 0: F=S+Cnif Z=L SF 2: F=S+Cnif Z=L SF 6: F=S+Cnif Z=L 
F=S+R+Cnif Z=H F=R+S+Cn if Z=H F=S-R-1+Cn if Z=H 
Y3 = Cn +4 (MSS) Y3 =F ¥ OVR (MSS) Y3 = OVR V F3 (MSS) 
Z= Qo (LSS) Z = Qo (LSS) Z = Qo (LSS) 


Guaranteed Combinational Delays 
Ta =0 to +70°C, Voc = 4.75 to 5.25V 
1-2 STANDARD AND INCREMENT/DECREMENT 
BY ONE OR TWO INSTRUCTIONS (SF 3 and SF 4) 


SIOo 


Aad | OF Te | me re ae ee 


2 ee ee ee ee ee ee 
a SORE 2 ee Ee ee ie eee ee EE 


Decrement SF3: F=S-2+C, Increment SF4: F=S+1+Cp, 
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Am29203 


Guaranteed Combinational Delays 


Ta =0 to +70°C, Voc =4.75 to 5.25V 
1-6 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5) 


DA S109 
Cn+4 = Parity 


$+Cp, if Z=L 
$+C, if Z=H 
S3 V Fg (MSS) 
S3 (MSS) 
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Guaranteed Combinational Delays 
Ta =0 to +70°C, Vcc = 4.75 to 5.25V 


1-7 SINGLE LENGTH NORMALIZATION (SF 8) 


DA SIO 
Cn+4 = oe 


coc6écwiy 


a a 

AB Addr ee ae pee eee er ae 

ma a eens Be. eS < 

[MBB BB fe fy nef mt af ep | : 
DA, DB ee ee ee ee ee ee ee ee ee eee ee 

ASS eae eee cae | einer emcee gee oeea coerce! eae eee Me ee 

Se eee Ee ee eee eee | eee See eee Cece ee ee eee 
Gr af AB 80. 88 ef i ee ar 

2 ee ee ee ee et ee | 

MBS. 86 | 1-48} 9 fh 28 Fee cee eet eee eee 


on Bf ns So 
CK a 6 ee ee ee ee ee ee ae ee ee 


Pa, ee ae Fe ee ee ee ee ee ee ee ee ee ee eee 
See ee ee ee ee eee Ee ee ees ae ee eee ee 


= Q3(MSS) 
=Q3VQ2(MSS) 
=Q2VQ;(MSS) 
=Qo Q; Q2 Q3 
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Am29203 


Guaranteed Combinational Delays 


Ta =0 to +70°C, Voc = 4.75 to 5.25V 
1-4 DIVIDE INSTRUCTIONS (SF A, SF C, SF E) 


SiO 
Cn +2 S102 {PA DB Parity 


gc mE Ss a ee oe 
A, B Addr ee ee eee 
LSS ies! ee ee S.C Se 
a a BA cd 2g CL OP Cae PT Ge 
DA, DB eS eS SS Se a RS Se PR Ue SR SE. Se 
Fes ae i BEB | SN Oa A SC PN aed ume Toe Cee A | 
MSS 20 erat ree ere 
Cn See Me AO, Ge NE Ge Me ae tea a ies. ra ae 


77 
re ene re ee te oe ae eee 
ae touesty ee a pee ta ee fe owe 
ss [ee ent srs [= fora sat alae | an [=| at fara 
ck i ee i et ee eet ot a a ee 

se Ma ls ee RV 
ee ee ee 
a ee 


ee a ee he ee 


Notes: 1. Only ist divide and normalization. 
2. Only two's complement divide and two's complement divide correction. 


Double Length Normalize and First Divide Op 


SF A: F=S+CN 
N = Fg (MSS) 
SIO3 = Fz V Rg (MSS) 


MSS) 
3 Fo Fi Fo Fg 
Two's Complement Divide 


SF C: F= SRB tage ah L 
F=S- Bon SS) H 


css Fa V Rg (MSS) 
=; z R3 (MSS) from previous cycle 


Two's Compiement Divide Correction and Remainder 

SF E: F=R+S+Cn if Z=L 
F=S-R-1+Cn if Z=H 
Z=F3 V Rg (MSS) from previous cycle 
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Am29803A 


16-Way Branch Control Unit 


DISTINCTIVE CHARACTERISTICS 


@ 16 separate instructions - 2, 4, 8 or 16-way branch in 
one microprogram execution cycle 

@ Four individual test inputs 

@ Advanced Low-Power Schottky processing 


@ Four individual outputs for driving the four OR inputs on 
the Am2909A Microprogram Sequencer 

@ Provides maximum branch capability in a microprogram 
control unit using the Am2909 


GENERAL DESCRIPTION 


The Am29803A is a Low-Power Schottky processed device 
that provides 16-way branch control when used in conjunc- 
tion with the Am2909A Microprogram Sequencer. 


The device features 16 instructions that provide all combi- 
nations of simultaneous testing of four different inputs. The 
device has four outputs that are used to drive the four OR 
inputs of the Am2909A Microprogram Sequencer. 


The ''zero"' instruction inhibits the testing of any of the four 
test (T) inputs. The remaining 15 instructions are used to 


test combinations of 1, 2, 3 or 4 of the T inputs simulta- 
neously. If one T input is being tested, the Am29803A will 
select one of two possible addresses. If two T inputs are 
being tested, the device will select one of four possible 
addresses. If three T inputs are being tested, the device will 
select one of eight possible addresses. If all four T inputs 
are being tested, the device will select one of sixteen 
addresses as the field used to drive the OR inputs of the 
Am2909A. 


BLOCK DIAGRAM 


DECODE 
MATRIX 


5-355 


BD002570 
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CONNECTION DIAGRAM 
: Top. View 


D16 
P16 
F-16* 


Am29803A 


Veco '3 (OE, OE, ORg ORy OR; ORy 


14932 12-11 


lo T3 To Ty Tz GND 
~~ €D004790 
*F-16 pin configuration identical to D-16, P16. 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


Sosa 7> 4 


To 1} Ty Ty 


ORy OR; OR, OR, 


9 0 1 12 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
Am29803A DC, DCB, DMB 
FMB 


Am29803A D Cc B 
L— Screening Option 
Blank -— Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 
D- 16-pin CERDIP 
F-16-pin flatpak 


P-16-pin plastic DIP Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
16-Way Branch Control Unit combination you wish. 
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PIN DESCRIPTION 


ae dees The four instruction inputs to the device. 


ee The four test inputs for the device. | 
ORp, OR, ae The four outputs of the device that are connected to the four OR inputs of the Am2909. | 


veos6culy 


Output Enable. When either OE input is HIGH, the OR; outputs are in the high impedance state. When 
both the OE; and OE inputs are LOW, the OR outputs are enabled and the selected data will be 
present. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined 
as 20uA measured at 2.7V HIGH and -0.36mA 
measured at 0.4V LOW. 


Output 


Pin Input/ input Output LOW 
No.'s Output Load HIGH MiL COM'L 
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FUNCTION TABLE 


Test To 


Test To & Ty 


Test To & To 


Test Ty & To 


agTIrtsrtat 


oe DS Be ee ee 


aoa IEC L 


a a) od A A A 


4ar4ar4ar4t 


wat Ee bs Ee 


AY: ASR foes Weel be cir ths os 


MK OK OK OK OK OK OK 


Test To, Ty & To 


Test To & T3 


& T3 


Test T 


WE IE 1 TITt 


rot FEE Ws cee age PE fon a 


ices Peal Bach RM Ya maa avis Se 


a od Wo ow ow) I 


AES The cae Yoo geo es ag Ha 


ja4H4rr44itL 


KK MK KK OK OK OS 


CRE MSS et A Hn ogi a sas seh 2 


Test To, Ti & T3 


Test To & T3 


arsIrtTartsit 


pial Boa wats Pee A a ele 


peal NAS eT at Vas ype is wy 


aa od A A I 


ai Se a: eed: eed 


<< KK OK OK OK OK 


4jaHatTr44itt 


ad hid oh ES 


Test To, To & T3 


wr ee ae 


AD SP Se os oe 


pak pp VBR WA as ness oh ppt 


a a od I A 


< KK KK OK OK OK 


Pe Va ranged Vita aE flaw cS Bi 


BSE PPE Vases RE Won cts tet Fig 


Test Ty, To & T3 
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FUNCTION TABLE (Cont.) 


| Finetiono: 2°02 | ig ompoary) iy Pay op ee Ty FO uO SOR, 


OR; ORo 


veosecuy 


L L L L L L L L 
L L L H L L L H 
L L H L L L H L 
L L H H L L H H 
L H L L L H L L 
L H L H L H L H 
L H H L L H H L 
Test To, Ty, To & T3 ° : : : i ‘ r 

H L L H H L L H | 
H L H L H L H L 
H L H H H L H H 
H H L ig Bae H L L 
H H L H H H L H 
H H H L H H H L 
H H H H H H H H 

H = HIGH 

L =LOW 


X = Don't care 


APPLICATION 


INSTRUCTION REGISTER 


STARTING 


Tc COUNTER 


AM2900A AND AM2911A MiCROPROGRAM SEQUENCER SEQUENCER 
FE. pup ‘ 
STACK POINTER 


LOAD/COUNT 


LOW ORDER 


MICROPROGRAM Am2909 ONLY 
COUNTER REGISTER 


FLAGS 


R 


NEXT AODRESS 
MULTIPLEXER 


OuTPUT 


F 


TEST 


Am29803A 
16 WAY 

os BRANCH 

CONTROL UNIT 


INSTRUCTION 
AND ENABLES 


ADDRESS 
POLARITY MiCROPROGRAM MEMORY 


CONTROL vest 
BRANCH NEXT ADDRESS 


TO Am2901 
OR Am2903A 


CONDITION CODE 
MULTIPLEXER 
OuTPUT 


=> Neh) OO Gi~ @ 


OTHER 
AF001831 


A typical computer control unit using the Am2909, Am2911, Am29803A and Am29811A. Note that the least 
Significant microprogram sequencer is an Am2909 and the more significant sequencers are Am2911's. 


\ 
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Am29803A 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ................:eeeeeees -65°C to + 150°C Commercial (C) Devices 


Ambient Temperature Under Bias......... -55°C to +125°C TERVIDOIGUNO 55. Sores Bais ion cin nn de asensee ene 
Supply Voltage to Ground Potential SuUppIV: VONGOC . <<. obi Saresccicecassanes +4.75V to +5.25V 
(Pin 16 to Pin 8) Continuous............... -0.5V to +7.0V = ; 
DC Voltage Applied to Outputs For eee On Devices ° ° 
TOIMIOTAUNG 6. 26 osc boncctnganveisescinee -55°C to + 125°C 
High Output State ...................06- -0.5V to +Vcc max Supply Volt +4.5V to +5.5V 
DC Input Voltage ........c.cccccecceesseeeseesee -0.5V to +5.5V = aah Aaa 12 scien Seamer = : 
: 2 Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ...............ceee eee eees 30mA ality of the device is guaranteed. 
Ds WIE CONTI svckc cs Gasceskoaendenesss nes -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


[raamenee | __Owweroton | “tet contione_| an || mr | re 
a 6 
Pr oma towers || em | vm 
CC 
Ne fs goon 


Cit pt LOW Curent | Voo= MAX, Vin = 0.48V =o0%0 |=0250) ma 
Ci nut HIGH Curent | Voo = MAX, Vin= 2.7V rio ee 
Mi nut HIGH Curent | Voo= MAX, Vin= SV Pi a a 
Mise ouput Short Grout Carent | Voo= MAX, Vour=00V Wolo | -20 | -a0 | -00 | ma_| 
ler Sn Pe fol 
Seer mre re en 
| Vea 
6 Yoo = MAX creer eee aan ae se 
None ed 


Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 


2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


Parameters |Description teat Conations [win | Tyo | Max | Une | 


c 
: L = 15pF 
Maaco ee ee 


ae eae CL = 5.0pF 
sade ais. 2a 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


_commencia, | MILITARY 
Parameters Description Test Conditions min | Max 


tPLH 
tPHL 


ees a 1) to OF 
siti 
Oe pices Ge wine 
(ro ee 


LOW-POWER SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


Cy = 15pF 
Re = 2.0k2 


DRIVING OUTPUT DRIVEN INPUT 


ICO00090 


Note: Actual current flow direction shown. 
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Am29811A 


Am29811A 


Next Address Control Unit 


@ Next address control unit for the Am2911A Micropro- 
gram Sequencer 

@ 16 next address instructions 

@ Test input for conditional instructions 


The Am29811A is a Low-Power Schottky device designed 
specifically for next address control of the Am2911A 
Microprogram Sequencer. The device contains all outputs 
required to control a high-performance computer control 
unit or a structured state machine design using micropro- 
gramming techniques. 


Sixteen instructions are available by using a four-bit instruc- 
tion field Io_3. In addition, a test input is available such that 
conditional instructions can be performed based on a 
condition code test input. 


DISTINCTIVE CHARACTERISTICS 


BLOCK DIAGRAM 


kh 


a 


ah 


Ir 


@ Separate outputs to control the Am2911A, an indepen- 
dent event counter, and a mapping PROM/branch 
address interface 

@ Advanced Low-Power Schottky technology 


GENERAL DESCRIPTION a 


The full instruction set consists of such functions as 
conditional jumps, conditional jump-to-subroutine, condi- 
tional return-from-subroutine, conditional repeat loops, con- 
ditional branch to starting address, and so forth. 


One Am29811A can be used to control any number of 
Am2911A Microprogram Sequencers. The Am2911A Se- 
quencer is a four-bit slice itself. Thus, one Am29811A Next 
Address Contro! Unit and three Am2911A Microprogram 
Sequencers can be used to build a powerful, microprogram 
sequencer capable of controlling 4k words of microprogram 
memory. 


BD002580 


P = Pass 
F = Fail 


03649A 
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CONNECTION DIAGRAM 
Top View 


> 
a 
© 
a) 
vais 
cach 
B 


*F-16 pin configuration identical to D-16, P-16. 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


ao f£& NY WwW © -|- NIN OD 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC 
Am29811A DC, DCB, DMB 
FMB 


Am29811A D Cc B 
L_ Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to +70°C) 
M - Military (-55°C to + 125°C) 


Package 
D- 16-pin CERDIP 
F—16-pin flatpak 


P-16-pin plastic DIP Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Next Address Control Unit combination you wish. 
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Am29811A 


PIN DESCRIPTION 


Pin No. [Name | 70 | Description 
ce a be The four instruction inputs to the Am29811A. 
TEST The condition code input to the device. When the test input is LOW, the device assumes the test has failed. When 
the test input is HIGH, the device assumes the condition code required has been met; the test has passed. 
2 aie This output is used to drive the parallel load input of an Am25LS2569 up/down counter. 
Coad 
a This output is used to drive the counter enable vet of an Am25LS2569 up/down counter. 
Enable 
This output is used to control the three-state aoe of the mapping PROM or PLA used to provide the initial 
fh e starting address for each machine instruction. 
preene This output is used to control the three-state output of the pipeline register (Am2918) containing the branch 
Enable e address for the computer control unit. 
FE File This output is used to drive the file enable input of the Am2911. When the file enable output is LOW, a stack 
Enable operation will take place. 


Push/Pop. The PUP output is used to drive the push/pop input of the Am2911 Microprogram Sequencer. When 
the PUP output is HIGH, a push will take place when the file is enabled. When the PUP output is LOW, a pop will 
take place when the file is enabled. 


These two outputs are used to drive the So and S; inputs to the Am2911 Microprogram Sequencer. These outputs 
control whether the direct input, the register, the microprogram counter, or the stack is selected as the source of 
the next address for the microprogram memory. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (in Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 
20uA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW. 


Output 
Input/ input Output LOW 
Pin No.'s Output Load HIGH MIL COM'L 
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| > 
INSTRUCTION TABLE Fd 
o 
a 
> 


one INSTRUCTION 


Jump to Address Zero. 

Conditional Jump-to-Subroutine with Jump Address in Pipeline Register. 

Jump to Address at Mapping PROM Output. — 

Conditional Jump to Address in Pipeline Register. 

Push Stack and conditionally load counter. 

Jump-to-Subroutine with starting address conditionally selected from Am2911 R-Register or 
Pipeline Register. 

Conditional Jump to Vector Address. 

Jump to Address conditionally selected from Am2911 R-Register or Pipeline Register. 
Repeat Loop if counter is not equal to Zero. 

Repeat Pipeline Address if counter is not equal to Zero. 

Conditional Return-from-Subroutine. 

Conditional Jump to Pipeline Address and Pop Stack. 

Load Counter and continue. 

Test end of Loop. 

Continue to next address. 

Jump to Pipeline Register Address. 


Se ai 2 tr. fe eS ae eer 
BAS ES al cae Uh RO ON oN gaat AR ah pepe og MA WO ppd res 
ah toe eet ake eke ek Ae cle eee ee 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


Am29811A FUNCTION TABLE 


Po Hee Aieg t  e OUTPUTS 


INSTRUCTION TEST pected 
Ig _l2_l4_ Io bdugiess iInpuT | source | FILE | COUNTER PL-E 


ee ee eel ae ee 


HOLD — 1 


as a) 
Por [evnnfooowwn [| 3] 8 | At 
Cae [owetpmcowwom| § |S [asl Be Te Lt 
ee ee 
ow [eww fomoummcon | | 83[ as ka 
Pa feeenfowmenn TTS asl as TT 
ca ies. ee 
wr [evra fpowrnomes[ § | 2 fea ee | Aft 
Pom esse Pee Peel es EE 
epee 
ce fees ee 
[ec [now] wow fw [1 
se a ees ee ee 


H = HIGH DEC = Decrement 
L=LOW *LL = Special Case 
X= Don't Care 


e-|r]=|ar]=rler]x[ar 
vag walt ore puns Pr 


ae ack DO 
pea ney fo Ine Faget HY GS me 


ye 
elre|e 


eae NR ae 


Prot, 
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-Am29811A TRUTH TABLE 


FUNCTION NEXT ADDR 
4 ee. ae a 2 EN 
ROSA PIN Mote Vn ofthe MEME oT Mel odg Sofis 2 | 6 A | 1 18 | 
CJS COND JSB PL L i H H Geeks © 
L H L 
CJP COND JUMP PL 
PUSH PUSH/COND LD CNTR 
JSRP COND JSB R/PL 


Prierrinr cic & 
Tee ie en eee ae 
icricr = 
rrpce x 
eefer 
rele 


ae WB 

Pere 

ag Sass s 

L H H 

Ho hee t 

We. bs 

H HL 

H H H 
bk ae L 
bedsobed Sok L 
Cost HE L . 4 L 
bea HM sabi Hc He H H “ L 
CJV COND JUMP VECTOR [wen LE L L Hi + 
: ee oe 4 HH H + 
JRP COND JUMP R/PL be OW Hee L + L 
ES ees ee eee | H H L 
RFCT REPEAT LOOP,CTR#¥O0 |H L L L L ~ L HL Ho 4 L 
Hod £m L L ‘Ogee | HH 4 L 
RPCT REPEAT PL, CTR =0 Pcie = TURE & _ + H oL L 
Heese L L HH L 
CRTN COND ATN ad SUES * BEE eee L L H oL L 
Hooks H be H L ‘age L 
CJPP COND JUMP PL & POP - Sane ie "ee ee Ss L L eee L 
H tL H HH Hi H baa L 
LDCT LD CNTR & CONTINUE TS ae eee ee L L LY Hy L 
| ees: pas Rakes iamce © L L CoH L 
LOOP TEST END LOOP | He Hk ow ee 4 L H oL iz L 
H H L H H L L Best M L 
CONT CONTINUE H H H L L L L H L 
HH” H Ow L L Trees covet B 
JP JUMP PL H H H H L Hi L 
H H H H H H L 

H = HIGH 
L = LOW 
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: APPLICATION 
: 


VELS86culy 


0; Am2911A MICROPROGRAM SEQUENCERS j | 


‘ 


ADORESS 


STARTING FE, pup | 
TC COUNTER Aooress O€ STACK POINTER 
DECODER 


LOAD/COUNT OUTPUT 


SUBROUTINE 
ANO LOOP STACK 


MICROPROGRAM 
COUNTER REGISTER 


INCREMENTER 


o R 


So NEXT ADDRESS 
$; MULTIPLEXER 


OUTPUT 


“eee. 


—_———— ee _ 


Am29811A 
NEXT 
ADDRESS ADORESS 
POLARITY 5 ican MICROPROGRAM MEMORY 


CONDITION CODE 
MULTIPLEXER 
OUTPUT 


BRANCH NEXT ADORESS 
OE PIPELINE REGISTER 


TO Am2901 


nN We Fw @o~ @ 


CONTROL TEST 
: i 


A Typical Computer Control Unit Using the Am2911 and Am29811A. 


OTHER 


AF001970 
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ABSOLUTE MAXIMUM RATINGS : OPERATING RANGES 


Storage Temperature -~65°C to +150°C Commercial (C) Devices 
Ambient Temperature Under Bias -55°C to + 125°C Temperature 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Supply Voltage 
Continuous -0.5V to +7.0V Military (M) Devices 
DC Voltage Applied to Outputs For Temperature -55°C to +125°C 


High Output State -0.5V to +Vcc max Supply Voltage +4.5V to +5.5V 
DC Input Voltage -0.5V to +5.5V Operating ranges define those limits over which the function- 


DC Output Current, Into Outputs ality of the device is guaranteed. 
DC Input Current 


DC CHARACTERISTICS over operating range unless otherwise specified 


_ Typ 
Description Test Conditions wn (Note 1) at | a | 
ees oe cs 
oe ot ee ace 


Guaranteed input logical HIGH 
Guaranteed input logical LOW 
input LOW Current Voc = MAX, Vin = O48V [| -0010 [-0250| ma 
Pin | Input HIGH Current Voo = MAX, Vin= 27V nes Sas or as 
Pi} input HIGH Current Voo = MAX, Vin = 6.V Cece | oe 
Output Short Circuit Current Voc = MAX, Vout = 0.0V (Note 2) [=20 | -40 | 90 | ma 
come ey orem PP [ie fm 
input Clamp Voltage Voo= MIN, liy= — 18mA rial ae Perey vow | 
| Vo = 4.5V [Boras 0 ee 
Output Leakage Current Ves = 2.4V Vo = 2.4V ye eR hee @ HA 
Monta ot eae 
Cin input Capacitance Vin = 2.0V @ f = MHz (Note 3) ee oe Se aoe 
Output Capacitance Vout = 2.0V @ f=1 MHz (Note 3) Ermer S| 


Notes: 1. Typical limits are at Voc = 5.0V and Ta, = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested but are periodically sampled. 


LOW-POWER SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Description Test Conditions =| Min’ | Typ | Max | Units _ 


pe i; to Any Output 


Cy = 15pF 
Test to Any Output RL = 2.0kQ 


fu OE to Any Output 


Se | 4 ee 
L = 5.0pF 
Ae oe RL = 2.0k2 a | 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters Description | win | Max | min | Max 
jj to Any Output 


Virsezwiy 


Test Conditions 


Test to Any Output 
CL = 15pF 
RL =2.0k2 
OE to Any Output 


Tee oa Oe 
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Am29100 16-BIT MICROPROCESSOR 
CONTROLLER INTERRUPTIBLE SEQUENCERS 
FAMILY LS! PERIPHERALS 


Am29100 


Controller Family Products Index 


Am29100 
Am29112 
Am29114 
Am29116 
Am29116A/L116A 
Am29117 
Am29118 
Am29PL141 


High-Performance Controller Products, Application Note.......... 6-1 
A High-Performance 8-Bit Slice Microprogram Sequencer........ 6-2 
Real-Time Interrupt Controller........ ON ry See Nese 6-18 
A High-Performance 16-Bit Bipolar Microprocessor............... 6-19 
A High-Performance 16-Bit Bipolar Microprocessor............... 6-50 
A High-Performance 16-Bit Bipolar Microprocessor............... 6-51 
Eight-Bit:Am281:16..1/O+ Support ness 5.3 5. cedecerssasscchevenvedss 6-52 
Fuse Programmable Controller (FPC) ...............ccceeseeeeseeeees 6-59 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


Am29100 High-Performance Controller Products 


Application Note 


INTRODUCTION 


MICROPROGRAMMING; BEST FOR 
COMPUTERS, BEST FOR CONTROLLERS 


Microprogramming, long the preferred approach for com- 
puter design, offers lots of advantages in controllers as 
well. The ease with which the functions of a micropro- 
grammed controller can be enhanced and modified made 
the original 2900 Family popular for many disk, printer and 
communications controllers. The high-speed operation of 
these microprogrammed systems makes it possible to 
handle higher data rates from newer peripheral devices and 
to build intelligence into the controller. 


But the original 2900 products are architecturally oriented 
toward computers, with design features optimized for 
arithmetic functions and short sequences of microinstruc- 
tions. MOS processors are good choices for many. low- 
speed applications, but when the demand for speed and 
intelligence goes up, they cannot keep pace. Controllers 
need something better: the 29100 Family. 


The 29100 Family products have been designed from the 
ground up with peripheral control applications in mind. They 
are fast; they are optimized for bit-manipulation, character 
handling, data communication and long, sophisticated mi- 
croprograms; and they are designed to work together in a 
system. 


FAST LIKE YOU'VE NEVER HAD 


The central element of our new high-speed controller family 
is the Am29116 — a 16-bit bipolar microprocessor. It's not a 
slice - it's a complete 16-bit processor, with three-input 
ALU, 32 scratchpad registers, an accumulator, data latch, 
barrel shifter, priority encoder and status register with 
conditional code generation logic. But the Am29116 is far 


more than a very fast number cruncher - it's been 
optimized for controller-oriented applications. Its instruction 
set has instructions often needed in controllers that are not 
available in any other processor. 


A WHOLE FAMILY OF FAST LSI 
CONTROLLER PARTS 


There's more to our controller family than just the 
Am29116. A new sequencer, the Am29112, has been 
expressly designed for 10MHz microprogram control, with 
features like real-time interrupt servicing and deep subrou- 
tining. Rapid internal data transfer is handled by the 
Am2940 DMA Address Generator and by the Am2950 
handshaking !/O port. The Am9520 Burst Error Processor 
will provide a solution for error correction on disk reads. 
Now, more than ever, the 2900 Family is the better solution 
for high data rate and highly intelligent control problems. 


TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 


A typical intelligent controller configuration is shown below. 
The basic controller consists of the Am29116, a micropro- 
gram control unit and a high-speed buffer memory. Each 
microinstruction includes: a 16-bit instruction field to the 
Am29116, next-microinstruction selection bits, control for 
the buffer memory, control for the interface circuits and 
possibly an 8- or 16-bit data field. 


Interface circuits like the Am2940 and Am2950 are used to 
provide DMA and to pass data between the controller and 
the host computer. Other circuits are used to interface to 
the peripheral. In this example, a disk interface is shown 
with a serial-parallel converter, a FIFO and a burst error 
processor. Controllers for other peripherals use identical 
hardware except for the peripheral interface itself. 


HIGH-PERFORMANCE INTELLIGENT CONTROLLER 
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Am29112 


Am29112 


A High-Performance 8-Bit Slice Microprogram Sequencer 


DISTINCTIVE CHARACTERISTICS 


Expandable 

8-bit Slice, cascadable up to 16-bits 

Deep stack 

A 33 deep on-chip stack is used for subroutine link- 
age, interrupt handling and loop control. 

Hoid feature 

A hold pin facilitates multiple sequencer implementa- 
tions. 


@ Interruptible at the microprogram level 
Two kinds of interrupts: maskable and unmaskable. 
@ Powerful loop control 
When cascaded, two counters can act as a single 
16-bit counter or two independent 8-bit counters. 
@® Powerful addressing modes 
Features direct, multiway, multiway relative and pro- 
gram counter relative addressing. 


GENERAL DESCRIPTION 


The Am29112 is a high performance interruptible micropro- 
gram sequencer intended for use in very high speed 
microprogrammed machines and optimized for the new 
state-of-the-art ALU's and other processing components. 


The Am29112 is designed to operate in 10MHz micropro- 
grammed systems. 


It has an instruction set featuring relative and multiway 
branching, a rich variety of looping constructs, and provi- 
sion for loading and unloading the on-chip stack. 


Interrupts are accepted at the microcycle level and ser- 
viced in a manner completely transparent to the interrupted 
microcode. 


APPLICATION NOTES REFERENCE 
- Microprogrammed CPU using Am29116 
- An intelligent fast disk controller 
- Am29116 architecture speeds pixel manipulation in 
interactive bit-mapped graphics 


BLOCK DIAGRAM 


Figure 1. Am29112 in a Single Pipelined System. 
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RELATED PRODUCTS 


Description | 
Am29116 | A 16-Bit Bipolar Microprocessor 
Am2904 Status and Shift Control Unit 


Am2940 DMA Address Generator 
Am2942 Programmable Timer/Counter/DMA 


Am2950/ PES 
51/52/53 8-Bit Bidirectional |/O Port 


Am29118 | 8-Bit Bidirectional 1/O Port/Accumulator 
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PIN DESCRIPTION — 


Description | 
Bidirectional data input for direct input to address multiplexer, counter and other control registers and stack output. 
Bidirectional microprogram address bus outputs microprogram address and inputs interrupt vector. 


Multiway input pins for up to 16-way branches. 


When this signal is high, the Y bus is three-stated and the carry-in to the program counter incrementer is forced low. 
Also, the CMUX output is selected at the incrementer input. 


this 

|_| | Testinput for. the sequencer. (Sas Table 2) 
|_| | Test enable for the sequencer. (See Table 2) 
[|_| Polarity. input for test Geatabie tive AV cetnk 
|_| | instruct 
ae 
acs 
soles 
fale 


Maskable interrupt request input. 
eM | mane 
— ek (omen 
[___|tss__|_1_| Programs the least significant chip when high, most significant chip when low. 


RST Reset input. Selects zero as the next microprogram address, resets the stack pointer and interrupt logic, and disables 
maskable interrupts. 


2a SE eee ea eee ee 
[__[acio [70 [ Bicrectional adder 70 tne for cascaded Amgovigs—SSOSCSCS~C~—SCS~C—~—~SCS~“S~—S~*~S 
[_]Pcio [70 | Bicrectonal program counter 170 ine for cascaded Amgoi2sSSCSCSC~S~“~“~S*~*~*~S* 
[cio 70 [ Bicrectionat counter 1/0 tne for cascaded Amg0iV2s. SSCS 
|ezio [70 | Bidrectional counter zero V/O tne for cascaded Amg0iias SSCS 
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PRODUCT OVERVIEW 


The Am29112 is designed for use in single-level pipelined 
systems. A typical configuration is shown in Figure 2. 


Branch addresses, constants for the various registers, and 
stack pointer values are supplied to the Am29112 through the 
D port which is bidirectional to allow the stack to be unloaded 
onto an external LIFO. The next address generated by the 
sequencer is output on the Y port and directly drives the 
microprogram memory. A single register at the output of the 
microprogram memory contains the microinstruction being 
executed, while the next is being fetched. External conditions 
are applied to the CC input of the Am29112 via the condition 
code MUX and also to the multiway inputs. 


A vectored priority interrupt controller generates a prioritized 
interrupt request (MINTR) to the Am29112, which acknowl- 


Figure 2. Control Path in a Single Pipelined System Using the Am29112. 


edges the request via the MINTA pin. Upon receiving the 
acknowledge, the priority interrupt control puts out the en- 
coded priority of the interrupt, which is translated to a vector 
by the vector mapping PROM. The MINTA output of the 
Am29112 turns on the PROM output and simultaneously turns 
off the Y port, enabling the interrupt vector onto the micropro- 
gram address bus. In the Am29112, internal states are 
automatically saved on the stack while the interrupt vector is 
transmitted through the Y port and incremented to form the 
next microprogram address. 


The emergency detect circuit generates an unmaskable inter- 
rupt request upon power failure or stack error. On receiving an 
unmaskable interrupt, the sequencer branches to the unmask- 
able interrupt routine; the address of this routine is stored on 
the Am29112 in the INTVECT register. Detailed interrupt 
handling is discussed in a later section. 


BD001921 
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ARCHITECTURE OF THE Am29112 


The internal organization of the Am29112 is shown in Figure 3. 
The most important control loop inside the sequencer consists 
of the CMUX, incrementer, and PC register. The CMUX selects 
the next microprogram address based on the instruction and 
condition code inputs. The next microprogram address is 
selected from the PC register for a continue, the D port for a 
branch, the adder for relative and multiway branches, the 
interrupt register for unmaskable interrupts, the stack for 
subroutine returns or loop repeats, or all zeros for the JUMP 
ZERO instruction. 


The Am29112 has many registers other than the PC register 
and the interrupt register. There is an 8-bit counter used for 
loop control; the DWIDTH register is a 4-bit register which 
programs the number of least significant bits of the D port that 
are added to the PC in relative addressing modes; the stack 
pointer is a 6-bit counter/register that points to the top of stack 
element; the 3-bit command register is used to program the 
chip on power-up for compatibility with the external hardware 


Figure 3. Am29112 48-Pin Package. 


configuration; finally, there is the INTRTN register which is 
used for saving the CMUX output on the stack when an 
interrupt occurs. 


With the exception of the INTRTN register and the stack 
pointer, each of the above registers can be loaded directly 
from the D port of the Am29112. 


The Am29112 features a high speed adder with full carry 
lookahead across 8-bits. The adder is used for PC relative 
addressing (branch address is PC +D), multiway relative 
addressing (branch address is D + M, where M is the 4-bit 
multiway input), and for testing the stack pointer against the D 
bus. In cascaded configurations, carry ripples from the LSS 
adder to the MSS adder over the CIO line. 


The on-chip stack is 33 deep, and the Am29112 has instruc- 
tions to save the D inputs, counter, multiway register, and PC- 
register on the stack. The stack output bus is connected via 
three-state buffers to the D port. It is possible to pop the stack 
to the D port. 


BD001931 
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INSTRUCTION SET OF THE Am29112 
MODE BITS (Ie, 5) 


The Am29112 is controlled by 5 instruction inputs, two mode 
inputs, and the condition code. In typical applications it is 
expected that the instruction inputs are driven directly from the 
pipeline, whereas the mode inputs are either permanently 
wired high or low to select the desired operating mode, or 
driven indirectly via external logic. (In some applications it 
might be justifiable to drive the mode bits directly from the 
pipeline.) The two mode bits select among three operating 
modes: normal (00), extended (01) and forced continue (10 
and 11). In the normal mode, the entire instruction set of the 
Am29112 applies. 


TABLE 1. MODE CONTROLS 
Tes | Mode | Description 


00 | Normal For cascaded Am29112s, two inde- 


pendent 8-bit counters 


For cascaded Am29112s, one 16-bit 
counter 


The Am29112 executes a continue 
instruction regardless of instruction, 
condition code, and multiway inputs. 


EXTENDED MODE 


The instruction set includes instructions that differentiate 
between upper and lower counters (when there are two 
cascaded Am29112s). In the normal mode, the two counters. 
on cascaded Am29112s function independently, and it is 
possible to set up a doubly nested loop without having to save 
and restore counter values on the stack. In the extended 
mode, however, the counters on cascaded Am29112s behave 
like one 16-bit counter and instructions that differentiate 
between the counters degenerate into identical instructions. 
Hence in a system with only one Am29112 there is no use for 
the extended mode. 


FORCED CONTINUE MODE 


In the forced continue mode the Am29112 executes a 
continue in every cycle regardless of the instruction bits, 
condition code, and multiway inputs. The simplest application 
(if mode bits are driven directly from the pipeline) is to use 
forced continue for straight-line segments of code thereby 
permitting most of the sequencer control fields of the pipeline 
to be shared. The forced continue also has an important 
application in systems with a writeable control store where it is 


6-7 


necessary to step through the addresses sequentially while 
loading the WCS. 


The instructions of the Am29112 are classified into four - 
groups: 


@ Branching and subroutine linkage 
@ Looping 

@ Stack and register 

@ Interrupt 


The sequencer has an instruction repertoire of altogether 40 
different instructions. In order to encode these instructions 
with only 5 instruction lines, the condition code is used in some 
cases to differentiate between two distinct instructions sharing 
the same opcode. This way of encoding is used for the stack 
and register, and interrupt groups of instructions. For these 
instructions, therefore, the condition code multiplexer is not 
used to select an external condition. However it is required to 
force the condition code to unconditional Pass or Fail. The 
condition code enable and polarity logic has been designed 
with this in mind. Using the enable and polarity, it is possible to 
generate both unconditional Pass and unconditional Fail 
(regardless of the condition code input). Hence the condition 
code for these instructions is like a sixth instruction line, and 
the condition code multiplexer field of the pipeline can be 
shared for these instructions (see Figure 4 and Table 2). 


=e 


PF001060 


Figure 4. Condition Code Circuit. 


TABLE 2. CONDITION CODE TABLE 


0 
0 
0 
0 
1 
1 
1 
1 
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-Am29112 Instruction Set 


ood — ce Description 


JZ.U 
PUSHD.P 
LDCMD.F 

POP.C 
CJD.C 
CJSD.C 
CJMW.C 
CJSMW.C 
CRTN.C 
PUSHPL.C 
LDLC.C 
POPLC.U 
RSTSP.P 
LDINTV.F 
RFCTU.P 
RFCTL.F 
RPCTU.P 
RPCTL.F 
LOOP.C 
ENINT.P 
DISINT.F 
TWBL.C 
TWBU.C 
TSTSP.P 
TSTMT.F 
CJDF.C 
CJSDF.C 
CJMWR.C 
CJSMWR.C 
CJPP.C 
PUSHPU.C 
LDUC.C 
POPUC.P 
POPDW.F 
LDDW.C 
CJR.C 
CJRN.C 
CJSR.C 
CJSRN.C 


* These instructions are identical in the extended mode. 
**These too. 
***These too. 


UNCONDITIONAL JUMP ZERO 

PUSH D (PASS) 

LOAD COMMAND REGISTER FROM D (FAIL) 
POP; CONDITIONAL STACKOUT TO D 
CONDITIONAL JUMP D 

CONDITIONAL JUMP SUBROUTINE D 
CONDITIONAL JUMP MULTIWAY D 
CONDITIONAL JUMP SUBROUTINE MULTIWAY D 
CONDITIONAL RETURN 

PUSH PC; COND LOAD LOWER COUNTER 
LOAD LOWER COUNTER; COND PUSH COUNTER 
POP TO LOWER COUNTER 

RESET STACK POINTER (PASS) 

LOAD UNMASKABLE INTERRUPT VECTOR (FAIL) 
REPEAT LOOP, UPPER COUNTER = 0 (PASS) 
REPEAT LOOP, LOWER COUNTER = 0 (FAIL) 
REPEAT PIPELINE, UPPER COUNTER = 0 (PASS) 
REPEAT PIPELINE, LOWER COUNTER = 0 (FAIL) 
TEST END LOOP 

ENABLE INTERRUPTS (PASS) 

DISABLE INTERRUPTS (FAIL) 

THREE-WAY BRANCH, LOWER COUNTER 
THREE-WAY BRANCH, UPPER COUNTER 

TEST SP WITH D (PASS) 

JUMP D IF STACK NOT EMPTY 

COND JUMP D/STACK AND POP 

COND JUMP SUBROUTINE D/STACK AND POP 
COND JUMP MULTIWAY RELATIVE D 


COND JUMP PIPELINE AND POP 

PUSH PC; COND LOAD UPPER COUNTER 
LOAD UPPER COUNTER; COND PUSH COUNTER 
POP TO UPPER COUNTER (PASS) 

POP TO DISPLACEMENT WIDTH (FAIL) 

LOAD DISPLACEMENT WIDTH; COND PUSH DW 
COND JUMP D PC REL 

COND JUMP D PC REL NEGATIVE 

COND JUMP SUBROUTINE D PC REL 

COND JUMP SUBROUTINE D PC REL NEGATIVE 


Extensions: U - unconditional; C - conditional; P - PASS condition; F - FAIL condition. 
Note: PASS/FAIL condition can be produced as follows. P stands for polarity and | for input: 


COND JUMP SUBROUTINE MULTIWAY RELATIVE D 
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1 Load Command Register 


1 Push D (PUSHD.P) 
| from D (LDCMD.F) 


0 Jump Zero (JZ.U) 


> 
E, 
a) 
ie) 
bh 
nb 
LS) 


PFO00600 PF000620 PFO00611 


UNCONDITIONAL FORCED PASS FORCED FAIL 


. 2 Pop and Conditional Stack- 3 Conditional Jump D (CJD.C) 4 Conditional Jump Subroutine 
out to D (POP.C) D (CJSD.C) 


(D) 
(D) +1 
(D) +2 
(D) +3 


(0) 
(D) +1 
(D) + 2 

70 (D) +3 97 


PFO000571 
PASS 


PF000580 PF000590 
CONDITIONAL CONDITIONAL 


CONDITIONAL 


5 Conditional Jump Multiway D 6 Conditional Jump Subroutine 7 Conditional Return (CRTN.C) 
(CUMW.C) Multiway D (CUSMW.C) 


O0=B6 M=2 PASS 


smS8E 8 8 
& £88 
SS ssi RR 


PF000540 


CONDITIONAL CONDITIONAL CONDITIONAL 


03657A 
6-9 Refer to Page 13-1 for Essential Information on Military Devices 


Am29112 


8 Push PC and Conditional 
Load Lower Counter 
(PUSHPL.C) 


PF000511 
CONDITIONAL 


11 Reset Stack Pointer 
(RSTSP.P) 


PF000460 
FORCED PASS 


12 Repeat Loop, Lower Count- 
er (RFCTL.F) 


PF000440 
FORCED FAIL 


9 Load Lower Counter and 
Conditional Push Counter 
(LDLC.C) 


STACK 
PASS 
PF000521 


CONDITIONAL 


11 Load Unmaskabie Interrupt 
Vector (LDINTV.F) 


INTVECT 
REGISTER 


PF000470 


FORCED FAIL 


13 Repeat Pipeline, Upper 
Counter (RPCTU.P) 


UPPER COUNTER 


PFO00451 


FORCED PASS 
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10 Pop to Lower Counter 
(POPLC.U) 


LOWER COUNTER 


PF000531 


UNCONDITIONAL 


12 Repeat Loop, Upper Count- 
er (RFCTU.P) 


PF000790 


FORCED PASS 


13 Repeat Pipeline, Lower 
Counter (RPCTL.F) 


PF000781 


FORCED FAIL 
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14 Test End Loop (LOOP.C) 


PF000421 
CONDITIONAL 


16 Three-Way Branch, Lower 
Counter (TWBL.C) 


FAIL 
(0) 


(D) +1 
(D) +2 
(0) +3 


PF000411 


CONDITIONAL 


18 Jump D if Stack Not Empty 
(TSTMT.F) 


(D) 
(D) +1 
(D) +2 


STACK 
EMPTY 


STACK 
NOT EMPTY 


PF000660 


FORCED FAIL 


15 Enable Interrupts (ENINT.P) 


ENABLE 

MASKABLE 

INTERRUPTS 
PF000430 


FORCED PASS 


17 Three-Way Branch, Upper 
Counter (TWBU.C) 


FAIL 
(0) 


(D0) +1 
(D) +2 
(BD) +3 


PFO00411 


CONDITIONAL 


19 Conditional Jump D/Stack 
and Pop (CJDF.C) 


PASS 
(D) 


PFO00691 
CONDITIONAL 
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15 Disable Interrupts (DISINT.F) 


ZLL6cTWIY 


DISABLE 
MASKABLE 
INTERRUPTS 


PF000390 


FORCED FAIL 


18 Test SP with D (TSTSP.P) 


FORCED PASS 


20 Conditional Jump Subrou- 
tine D/Stack and 
Pop (CJSDF.C) 


(STK) + 2 
(STK) + 3 


PASS 
(0) 


PFO00681 
CONDITIONAL 
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21 Conditional Jump Multiway 
Relative D (CUMWR.C) 


PF000670 


CONDITIONAL 


24 Push PC and Conditional 
Load Upper Counter 
(PUSHPU.C) 


CONDITIONAL 


26 Pop to Displacement Width 


(POPDW.F) 


PF000720 
FORCED FAIL 


22 Conditional Jump Subrou- 
tine Multiway Relative D 
(CJSMWR.C) 


CONDITIONAL 


25 Load Upper Counter and 
Conditional Push Counter 
(LDUC.C) 


PF000710 


CONDITIONAL 


27 Load Displacement Width 
and Conditional Push DW 
(LDDW.C) 


PF000740 


CONDITIONAL 
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23 Conditional Jump Pipeline 
and Pop (CJPP.C) 


STACK 


4) POP STACK 
IF PASS 


(D) +1 
(D) + 2 


PASS 
PFO00760 


CONDITIONAL 


26 Pop to Upper Counter 
(POPUC.P) 


PF000770 
FORCED PASS 


28 Conditional Jump D PC 
Relative (CJR.C) 


PF000750 


D** is displacement (see Note 1). 
CONDITIONAL 
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29 Conditional Jump D PC Rel- 
ative Negative (CJRN.C) 


D** =-2, should be two's comple- 
ment (see Note 2). 
CONDITIONAL 


zero-extended. 


30 Conditional Jump Subrou- 
tine D PC Relative (CJSR.C) 


D**is displacement (see Note 1). 
CONDITIONAL 


Notes: 1. The number of. bits of D used as displacement is stored in DWIDTH register. The remaining high order bits are 


31 Conditional Jump Subrou- 
tine D PC Relative Negative 
(CJSRN.C) 


PASS 
p** = -2 


JUMP ADDRESS IS 


PF000480 


D** =—2, should be two's comple- 
ment (see Note 2). 
CONDITIONAL 


2. The number of bits of D used as displacement is stored in DWIDTH register. The remaining high order bits are 


one-extended. 


BRANCHING INSTRUCTIONS 
Direct Branching 


Instruction 0 is the unconditional jump to zero instruction. This 
instruction also resets the stack pointer and the interrupt logic 
as well as setting command register as follows: CR(0) = 1, 
CR(1) = LSS, CR(2) = 1. 


Direct branching is implemented by instruction 3 (COND JUMP 
D) and 4 (COND JSB D). The branch address is input through 
the D port. If the condition is PASS, the branch is taken, 
otherwise the sequencer executes a continue. Two-way direct 
branching is implemented by instruction 19 (COND JMP D/ 
STACK) and instruction 20 (COND JSB D/STACK). If the 
condition is Pass, the branch address is taken from the D input 
port, otherwise, the branch address is taken from the stack. In 
either case the stack is popped. This instruction assumes that 
the alternative address was pushed on the stack by a previous 
instruction. Jump to subroutine differs from JUMP in that the 
PC register is pushed on the stack. This enables the subrou- 
tine to use COND RETURN (7) to return to the point of call. 
Note that the two-way jump to subroutine (20) causes a 
simultaneous pop and push so that the stack pointer is 
unaffected but the top of stack element is replaced by the 
return address. 


Relative Branching 


In the relative branch instructions, a dynamically alterable 
subfield of the D inputs is added to the PC to form the branch 
address. The remaining most significant bits of the D inputs 
are ignored and internally converted to all O's for forward 
branches and all 1's for backward branches. The displace- 
ment width (DWIDTH) register in the Am29112 holds the 
number of least significant bits of D that participate in the 
relative branch as the displacement, and can be loaded from 
the lower four bits of the D port. In cascaded systems, the 
displacement width has to be loaded consistently in the two 
chips. For example, for a displacement width of 9, the lower 
order chip gets a displacement width of 8 and the higher order 
chip gets a displacement width of 1. As another example, if the 
lower order chip has a displacement width of less than 8 bits, 
the higher order chip must have a displacement width of zero. 
If the displacement width register is loaded with any value 
greater than 8, it is exactly as if it were loaded with 8. 


Instruction 28 (29) is the relative jump (jump back) instruction, 
and instruction 30 (31) is the relative jump to subroutine (jump 
back to subroutine) instruction. For backward relative branch- 
es, the displacement must be coded as a two's complement 
negative number. When the displacement width is the same as 
the microaddress width the forward and backward relative 
branch instructions are identical. When the displacement 
width is less than the microaddress width, the more significant 
bits of D outside the displacement are forced to all zeros for 
positive branches and to all ones for negative branches. This 
is effectively sign extension except that the sign information is 
contained in the instruction rather than the displacement, and 
there is no need for sign information to propagate between 
cascaded chips since it is assumed that the displacement 
width registers in the two chips have been consistently loaded. 


The disadvantage of having the sign information in the 
instruction rather than the displacement can be overcome by a 
judicious choice of instruction format. The opcodes for forward 
and backward relative branch instructions have been chosen 
to differ in the least significant bit position only, with a '0' in 
that bit for forward branches and a '1' for backward branches. 
If the sequencer instruction field is contiguous with and on the 
more significant side of the displacement field in the pipeline 
register, then the least significant instruction bit is like the sign 
bit for the displacement for relative branch instructions. This 
permits the assembler to use the same opcode for forward 
and backward relative branch instructions, but overlap the 
displacement field (now declared to be one bit longer than the 
actual displacement field in the pipeline) with the sequencer 
instruction field by one bit. If the assembler now generates a 
negative displacement, the sequencer opcode formed is the 
backward branch; while if the displacement is positive, the 
sequencer opcode formed is forward branch. 


When the instruction is executed, the PC already has been 
incremented and points to the next sequential instruction, 
hence a forward branch with a displacement of 0 causes the 
next sequential instruction to be executed. 


Multiway Branching 


Two variants of multiway branching are available on the 
Am29112 — multiway substitute D and multiway relative D. In 
multiway substitute D the 4 multiway inputs directly replace the 
4 least significant bits of the branch address input at D. 
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Instruction 5 is a conditional multiway branch and instruction 6 


a conditional multiway subroutine call. In these instructions, 
the least significant 4 bits of the D input port are not used by 
the sequencer, and may be shared, for instance to select 
among different sets of multiway inputs. 


Multiway branching has the disadvantage that the jump table 
must be aligned on a 16 word boundary. This disadvantage is 
overcome in the Am29112 multiway relative branching instruc- 
tions. In these instructions, the number input on the multiway 


- pins is added to the branch address input at D. Instruction 21 


is a conditional multiway relative branch and instruction 22 a 
conditional multiway relative subroutine call. 


One of the advantages of multiway branching is that it enables 
a 16 way decision to be made in exactly one microcycle. 
However, the 16 target addresses are constrained to be 
contiguous in memory. Hence, if the target routines need more 
than one microword each, as is very likely, they are addressed 
indirectly through a table of 16 contiguous branch instructions. 
For very high speed applications, the extra microcycle needed 


to branch indirectly off the jump table may not be acceptable. . 


This penalty is avoidable if the multiway bits are offset with 
respect to the D inputs. When two cascaded Am29112s are 
used, there are two sets of 4-bit multiway inputs. The least 
significant chip has a multiway input with no offset, while the 
most significant chip has a multiway input with an 8-bit offset. 
The Am29112 command register has a bit CR(1) that enables 
or disables multiway branching on the chip. In a system with 
two cascaded Am29112s, each chip has a command register 
bit. Multiway branching may be disabled in either chip by 
resetting the command register bit on that chip, or enabled by 
setting the command register bit. When multiway branching is 
disabled on a chip, for that chip both multiway and multiway 
relative branches are converted to direct branches, and the 
multiway inputs are a Don't Care. Multiway branching with an 
8-bit offset is implemented by disabling multiway in the least 
significant slice and enabling it in the most significant slice. In 
this case, the 16 target addresses are dispersed in memory, 
separated by 256 locations each. Another useful configuration 
is obtained by enabling multiway on both chips. In this case, up 
to 16 sets of target addresses are dispersed in memory, 
separated by 256 locations each. 


The Am29112 does.not have an unconditional continue in its 
instruction set. This is not expected to be a drawback because 
the instruction set requires that both unconditional PASS and 
unconditional FAIL are programmable by the sequencer to 
select among different instructions sharing the same opcode. 
Hence, a continue is obtained by executing instruction 3 
(COND JUMP D) with a forced FAIL condition. 


LOOPING INSTRUCTIONS 


The looping instructions on the Am29112 are of two kinds: 
conditional, which depend on an external condition to signal 
loop termination, and iterative, which decrement the Am29112 
counter and check for a count of zero. There is also a three- 
way branch instruction that combines the check for external 
condition with the check for count of zero in a single 
instruction. 


All the looping instructions are similar in two respects. Firstly, 
the check for the loop condition is done at the end of the loop. 
This implies that the loop body is always executed at least 
once. Secondly, in the case that the loop has to be repeated, a 
backward branch to the loop head is made by using the 
address on top of stack. This frees the D inputs for other use, 
but makes it necessary to push the address of the start of the 
loop on the stack before entering the loop. Also, if the loop is 
iterative, it is necessary to load a count value in the counter at 
the same time. Instructions 24 (PUSH PC; COND LOAD 
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UPPER COUNTER) and 8 (PUSH PC; COND LOAD LOWER 
COUNTER) combine both these requirements. 


Instruction 14 implements a simple conditional repeat loop. If 
the condition is FAIL the sequencer loops back using the top 
of stack address, and if the condition is PASS, the sequencer 
performs a continue to the next sequential address, and 
simultaneously pops the stack to remove the address of the 
loop head. The instruction may be described in Pascal-like 
syntax as: 


repeat PUSH PC 
LOOP BODY 
until condition = TRUE; 


Instruction 23 (COND LOOP EXIT) implements a loop exit that 
may be used with any of the Am29112 loop instructions. It is a 
conditional jump to D, which simultaneously pops the stack. If 
the condition is FAIL, it simply performs a continue. 


As discussed earlier, the counters present in cascaded 
Am29112s may be used independently or cascaded as a 
single 16-bit counter under microprogram control. The mode 
bits select the cascaded configuration only in the extended 
mode. There are separate repeat and three-way branch 
instructions for upper and lower counters. In the case of the 
repeat instructions, the condition code is used to differentiate 
between the repeat on the upper and the repeat on lower 
counter (a condition of PASS selects the upper counter). In the 
case of the three-way branch, which needs the condition code 
input for the external condition, there are two separate 
opcodes for three-way branch on upper (opcode 17) and 
three-way branch on lower (opcode 16). When a single 
Am29112 is used only the repeat on lower counter instructions 
are useful; and when two Am29112s are cascaded but 
operated in the extended mode, the repeat instructions on 
upper and lower counter are identical in effect and both 
operate on the 16-bit cascaded counter. 


Instruction 12 (REPEAT LOOP IF COUNTER NOT ZERO) is 
the iterative analog of instruction 14 (CONDITIONAL REPEAT 
LOOP). Instruction 8 (PUSH PC; COND LOAD COUNTER) is 
used with condition code as forced PASS and the desired 
count in the D field of pipeline. This causes the address of the 
loop head to be pushed on the stack, and the lower counter 
loaded with the count. At the end of the loop body, the repeat 
instruction checks if the count is zero. If it is not zero, it 
performs a loop back using the top of stack address and 
simultaneously decrements the counter; if it is zero, it pops the 
address of the loop head off the stack and simultaneously 
selects the next sequential address thereby exiting the loop. A 
repeat loop on the upper counter can be set up using 
instruction 24 instead of 8 to push PC and load upper counter 
and using instruction 14 to loop back with condition code as 
forced PASS. Note the potential off-by-one error: since the 
count is checked before it is decremented, a count of 1 causes 
two iterations: the first iteration finds a count of 1 and 
decrements; on the second iteration the count is found to be 
zero and the loop terminates. Hence, the value of count 
loaded should be one less than the desired number of 
iterations. In the example above, loading the counter with 7 
resulted in 8 iterations. 


The single instruction repeat (instruction 13) is provided for 
applications where the loop body is a single microinstruction, 
for example, an ALU shift. The loop is set up as before using 
instruction 9 or 25 (LOAD COUNTER AND COND PUSH 
COUNTER). The repeat instruction then presents its own 
address to the D inputs of the sequencer. As with the repeat 
loop instruction, the single instruction repeat checks for 
counter = 0. If the counter is equal to zero, it continues to the 
next sequential instruction; otherwise it repeats the address 
presented to the D inputs, which is its own address, and 
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decrements the count by one. Instruction 13 can also be used 
in place of instruction 12 where there is no stack location 
available to hold the address of the loop head. 


Often it is necessary to repeat an action until either some 
external condition becomes true or a predetermined count is 
reached: for example, searching a character string for an 
occurrence of some character. The three-way branch instruc- 
tions of the Am29112 combine the test for count and external 
condition in one cycle. At any loop iteration, if the condition 
becomes PASS when the three-way branch is executed, then 
the sequencer performs a continue to the next sequential 
instruction, and pops the stack. If the condition is FAIL when 
the three-way branch is 'xecuted, the sequencer tests the 
count. If the count is zero, then the search is unsuccessful and 
the sequencer performs a branch to the address input at the D 
port, simultaneously popping the stack. If the count is not zero, 
and the condition is FAIL, the sequencer performs a loop back 
via the stack. The instruction always decrements the counter 
by one if the counter is non-zero. 


Since interrupts may occur at any point in the execution of 
microcode, it is necessary to be able to save counter values 
on the stack so that the interrupt routines can use the counter 
without interfering with the operation of the interrupted code. 
The sequencer provides instructions that permit arbitrary 
nesting of loops and subroutine calls. Instruction 9 (LOAD 
LOWER COUNTER; CONDITIONAL PUSH COUNTER) can 
be used to load the lower counter from the D port. If the 
condition is PASS, then the instruction also causes the old 
counter value to be pushed on the stack. To restore the 
counter from the stack, instruction 10 (POP TO LOWER 
COUNTER) can be used with a forced FAIL condition. 
Instructions 25 (LOAD UPPER COUNTER; CONDITIONAL 
PUSH COUNTER) and 26 (COND POP TO UPPER COUNT- 
ER/POP TO DISPLACEMENT WIDTH) are the counterparts 
for operating on the upper counter. Note that in cascaded 
systems, when the counter is pushed, regardless of whether 
instruction 25 or instruction 10 is executed, the entire counter 
is pushed to keep the stack balanced in the two Am29112s. 


STACK AND REGISTER INSTRUCTIONS 


In addition to all the instructions mentioned earlier that 
explicitly or implicitly alter the stack, the Am29112 has some 
specialized instructions for stack manipulation. 


The stack on the Am29112 is 33 deep. Attempting to push 
when the stack is full or to pop when the stack is empty 
causes the STACK ERROR signal out of the Am29112 to be 
generated. The error is latched internally and persists until 
either the chip is reset or the stack is popped in case of 
overflow or pushed in case of underflow. When the stack 
overflows, the stack pointer does not wrap around, and all 
subsequent pushes on the full stack write over the top-of- 
stack location. 


The stack on the Am29112 can be loaded through the D port 
using instruction 1 (COND PUSH D/LOAD COMMAND REG- 
ISTER) with condition as forced PASS and unloaded out of the 
D port using instruction 2 (POP; COND STACKOUT TO D) with 
a forced PASS condition. In the stackout instruction the D port 
becomes an output port. Care must be taken to avoid 
contention on the D bus when this instruction is executed. The 
D bus is output enabled while CP is low for this instruction. The 
ability to load and unload the stack is useful for implementing 
context switches. For fast unloading of the stack, a tight two- 
instruction loop can be set up using instruction 12 (POP; 
COND STACKOUT TO D) with a forced FAIL condition and 
instruction 18 (COND TEST SP/BRANCH STACK NOT EMP- 
TY) also with a forced FAIL condition. The branch instruction 
performs a branch to D if the stack is not empty. 
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The stack nesting level in an interruptible sequencer varies 
dynamically. Hence, the Am291 12 is provided with instructions 
for checking the available stack space: instruction 18 (COND 
TEST SP/BRANCH STACK NOT EMPTY). Two distinct in- 
structions for testing the stack pointer have been packed into 
the same opcode and are differentiated by the condition code. 
A condition code of PASS selects the Test Stack Pointer 
instruction. In this instruction, the sequencer tests the stack to 
see if there is enough space, as determined by a constant 
input at the D port; if there is enough space, the sequencer 
performs a continue, whereas if there is not enough space, the 
sequencer performs a subroutine return. The number of stack 
locations required is input at the D port. In a system with only 
one Am29112, the least significant 6 bits of the D are used 
within the chip for this instruction. In a system with two 
cascaded Am291 12s the determination is made independently 
in the two chips (since the stack pointer is at all times identical 
in the two chips). Hence, the same number must be presented 


to the two chips. The adders in the two Am29112s are not. 


cascaded for this instruction but function independently. In 
both Am29112s only the 6 LSBs of the D port are actually 
used in the comparison. 


INTERRUPT HANDLING 


The Am29112 recognizes two kinds of interrupts: maskable 
and unmaskable. Maskable interrupts cause automatic saving 
of status on the internal stack and can be inhibited, either 
externally via the INTERRUPT DISABLE pin, or internally via 
instruction 15 (COND ENABLE/DISABLE INTERRUPT). In 
addition, maskable interrupts are disabled when there is not 
enough space on the.stack to service the interrupt, though this 
internal inhibit can be overridden be clearing a bit in the 
command register. The unmaskable interrupt, on the other 
hand, cannot be disabled and does not cause saving of status 
on the internal stack. It is intended for handling abnormal and 
irrecoverable situations like power failure or stack overflow. 
When an unmaskable interrupt occurs, the sequencer branch- 
es to the address of the unmaskable interrupt routine stored in 
the INTVECT register. This address is stored on chip at 
system initialize time using instruction 11 (COND RESET SP/ 
LOAD INTERRUPT REGISTER) with a condition of FAIL: If a 
maskable interrupt is being processed when the unmaskable 
interrupt occurs, the unmaskable interrupt may be delayed at 
most one cycle to prevent contention on the Y bus. In any 
case, the unmaskable interrupt request should persist for at 
least one clock edge. 


The Am29112 contains an interrupt disable flip-flop on-chip. 
The flip-flop is set by the DISABLE INTERRUPT instruction 
(opcode 15 with forced FAIL) and reset by the ENABLE 
INTERRUPT instruction (opcode 15 with forced PASS). The 
flip-flop output performs the same function as the interrupt 
disable pin. On reset, or on receiving an unmaskable interrupt, 
the flip-flop is set thereby disabling maskable_ interrupts. 
Hence, at the end of initialization, the ENABLE INTERRUPT 
instruction will have to be executed to reset the flip-flop and 
enable maskable interrupts. 


In the case of maskable interrupts, the interrupt return address 
is saved on the stack automatically using the INTRTN register. 
the INTRTN register is loaded with the CMUX output with 
every clock. When an interrupt is acknowledged, the Am29112 
output is turned off and the vector applied externally. Howev- 
er, the sequencer executes the instruction which is in the 
pipeline register in that cycle. The result of executing the 
interrupted instruction, namely the next address, does not 
come out of the Am29112 Y bus because the Y bus is used to 
input the interrupt vector. It is clocked into the INTRTN 
register. On the first cycle of the interrupt routine, the 
sequencer pushes the return address on the stack so that the 
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interrupt routine returns by doing a COND RETURN, like any 
other subroutine. 


THE INVISIBLE STACK PUSH THAT THE SEQUENCER 
EXECUTES WHEN IT IS INTERRUPTED OCCURS IN THE 
FIRST CYCLE OF THE INTERRUPT SERVICE ROUTINE. 
HENCE, THE FIRST INSTRUCTION OF THE INTERRUPT 
SERVICE ROUTINE MAY NOT BE ANY INSTRUCTION 
THAT USES THE STACK. 


Before acknowledging an interrupt, the sequencer checks the 
stack to see if there is a minimum of five locations to handle 
the interrupt. If there is insufficient space on the stack, the 
acknowledge is not generated. This feature may be disabled 
by a bit in the command register. 


CR(0) = 1 INHIBIT ACKNOWLEDGE ON STACK FULL (DE- 
FAULT) 


CR(0) = 0 GENERATE ACKNOWLEDGE ON STACK FULL 
MASKABLE INTERRUPTS 


The branch vector for maskable interrupts is applied externally 
to the Y port of the Am29112. This section discusses the 
system timing considerations and their impact on interrupt 
handling in the Am29112. 


Figure 5(a) shows a general system configuration highlighting 
the interrupt portion of the circuitry and the control loop. A 
priority interrupt controller generates an interrupt request for 
the highest priority pending interrupt. This request is applied to 
the MINTR pin of the Am29112. If the request is not masked, 
the Am29112 puts out an acknowledge on the MINTA pin. The 
interrupt controller then puts out the encoded priority of the 
highest priority interrupt to the vector PROM, which maps the 
priority code into a vector. 


The MINTA line turns on the vector PROM output at the same 
time as the Y port on the Am29112 is three-stated. Hence, the 
interrupt vector gets onto the micromemory address bus and 
is also input into the Am29112, and incremented to form the 
next address. The Am29112 saves the return address on the 
stack so that when the interrupt service routine does a 
subroutine return, control returns to the instruction following 
the interrupted instruction. 


The maskable interrupt request is synchronized on the 
Am29112. If there is no disable, therefore, the acknowledge 
always is active in the cycle following the request. However, 
the acknowledge to Y bus three-stating delay is programma- 
ble: the Y bus three-stating signal can occur either in the same 
cycle as, or in the cycle following, the MINTA acknowledge, 
depending on a bit in the command latch of the Am29112. 


The command register bit that programs the postdelay option 
is bit 2, the third least significant bit. The command register 
has 3 bits altogether and is loaded from the 3 LSBs of the D 
inputs using instruction 1 (COND PUSH D/LOAD COMMAND 
REGISTER) with a condition of PASS. Note that in a system 
with two cascaded Am29112s, the 0 and 2 bits of the 
command registers in the two chips must both be loaded with 
the same data on system initialization. The postdelay bit in the 
command register selects the postdelay option when it is zero. 


Figure 5(b) shows the configuration without postdelay, includ- 
ing a simplified view of the acknowledge circuit. The acknowl- 
edge is granted at the same time the Y output of the Am29112 
is three-stated and the vector PROM enabled by the MINTA 
signal out of the Am29112. The critical delay path in this case 
is clock to acknowledge (Am29112) + acknowledge to priority 
out (interrupt controller) + vector PROM access 
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time + microprogram memory access time + pipeline setup 
time. Obviously, this delay will have a significant impact on 
overall cycle time. However, in slow systems or in systems 
where the vector is always available immediately with ac- 
knowledge, this configuration is acceptable. It is also accept- 
able if the vector mapping PROM is made part of the 
microprogram memory by dedicating the locations in low 
memory addressed by the priority to hold vectors to the 
corresponding interrupt routines. 


Figure 5(c) shows a simplified view of the Am29112 configured 
with postdelay active. An external D-type flip-flop adds a one 
cycle delay to the MINTA signal before it switches the output 
enable on the vector register. The interrupt request to ac- 
knowledge delay is the same as in the circuit with postdelay 
inactive, but the Y bus three-stating signal occurs one cycle 
later than the acknowledge. The critical path has been broken 
into two with the register at the vector PROM output. In this 
case the critical delay path is cut short by the microprogram 
memory access time. While the vector PROM accesses the 
interrupt vector, the microprogram memory accesses the next 
sequential instruction. This implies that one more instruction of 
the interrupted code executes after the cycle in which the 
acknowledge is granted. (If that instruction happens to be a 
DISABLE INTERRUPT instruction, then even though no more 
interrupts will be accepted by the Am29112, the interrupt 
which has been acknowledged goes through and the corre- 
sponding interrupt service routine may enable interrupts again 
using the ENABLE INTERRUPT instruction.) 


The command register bits are summarized below: 
CR(0) : Interrupt acknowledge on stack full 
: inhibit acknowledge on stack full 


(default) 
CR(0) = 0 : generate acknowledge on stack full 


CR(0) = 1 


CR(1) : Multiway enable 
CR(1) = 1 : enable multiway branching 
(default for LSS) 
CR(1) =0 : disable multiway branching 
(default for MSS) 
CR(2) : Interrupt postdelay flip-flop 


CR(2) =1 : no postdelay (default) 
CR(2) =0 : postdelay 


On reset & JZU: CR(0) = 1 
CR(1) = LSS 

CR(2) = 1 
HOLD 
The Am29112 is equipped with a HOLD pin for configurations 
utilizing more than one sequencer driving a common micropro- 
gram address bus. In such situations, it is necessary to cause 
the unselected sequencer to hold its internal state while some 
other sequencer executes, so that it can resume execution at 
the point where it was held. The HOLD pin, when asserted, 
three-states the Y bus, forces low the carry into the PC 
incrementer, and selects the internal CMUX output (instead of 
the Y bus) at the incrementer input. To complete the HOLD 
function, it is also necessary to disable interrupts and to put 
the sequencer into the forced continue mode. Under these 
conditions, the value of the PC is recirculated through the 
CMUxX and the incrementer until the HOLD is released, and ail 
the remaining state bits in the sequencer are. not altered 
because of the forced continue. 
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Figure 5a. Interrupt Control Loop. Figure 5b. No Postdelay. 
Note: The INTD connection directly from microprogram 
memory. 
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Figure 5c. With Postdelay. 
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Real-Time Interrupt Controller 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Accepts 8 Interrupt Inputs 

Interrupts may be pulses or levels and they are 
stored internally. 

Supports Real-Time Interrupts 

Interrupts are handled at microinstructions boundary. 
Built-in Mask Register 

Enables or disables individual interrupt inputs. 


@ Built-in In-Service Register 

@ Vectored Output 
Output is binary code for highest priority unmasked 
input. 

@ Expandabie 
Any number of the Am29114's may be cascaded 
for larger interrupt systems. ; 


GENERAL DESCRIPTION 


The Am29114 is a high-speed eight-bit priority interrupt 
controller that is cascadable to handle any number of 
interrupt request levels. Its interface specification is de- 
signed to make it suitable for use with the Am29112 
microsequencer facilitating the handling of real-time micro- 
interrupts. 


The Am29114 contains an interrupt register which is used 
to store requests until they are serviced, and an eight-bit in- 


service register which is used to store requests that are 
currently being serviced. 


The contents of the in-service register are compared with 
the contents of the interrupt register. Interrupt requests 
having a lower or equal priority to the highest priority bit in 
the in-service r . lowed, thus forming a fixed 
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Am29114 - REAL-TIME INTERRUPT CONTROLLER 
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A High-Performance 16-Bit Bipolar Microprocessor 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


@ Optimized for High-Performance Controllers @ Powerful Field insertion/Extraction and Bit Ma- 
Excellent solution for applications requiring speed nipulation Instructions 
and bit-manipulation power. Rotate and Merge, Rotate and Compare and bit 
@ Fast manipulation instructions provided for complex bit 
Supports 100ns microcycle time/10MHz data rate control. 
for all instructions. @ 32-Working Registers 
® 16-Bit Barrel Shifter Single port RAM may be configured to accept dif- 
Contains a 16-bit Barrel Shifter which can shift or ferent source and destination addresses within sin- 
rotate a word up to 15 positions in a single instruc- gle cycle. 
tion cycle. @ 52-Pin Hermetic DIP 


® immediate Instruction Capability 
May be used for storing constants in microcode or 
for configuring a second data port. 


GENERAL DESCRIPTION 


The Am29116 is a microprogrammable 16-bit bipolar micro- multiplier (65ns worst-case 16 x 16 multiply). In addition to 


processor whose architecture and instruction set is opti- its complete arithmetic and logic instruction set, the 
mized for high performance peripheral controllers, like Am29116 instruction set contains functions particularly 
graphics controllers, disk controllers, communications con- useful in controller applications; bit set, bit reset, bit test, 
trollers, front-end concentrators and modems. The device rotate and merge, rotate and compare, and cyclic-redun- 
also performs well in microprogrammed processor applica- dancy-check (CRC) generation. 


tions, especially when combined with the Am29517 16 x 16 


BLOCK DIAGRAM 
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Am29116 BASED HIGH PERFORMANCE PERIPHERAL CONTROLLER 
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RELATED PRODUCTS 


OTHER LITERATURE 


@ An Intelligent Fast Disk Controller using the 
Am29116 Application Note. 

@ A Microprogrammed CPU Using the Am29116 

Application Note. 
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Vcc AND GROUND PIN CONNECTIONS 


CD004201 


Notes: 1. All Voc and all GND pins must be connected as shown. Offsets between any two Vcc pins or 


between any two GND pins should be avoided. 
2. Cy = 1.0uF, Co = Cg = 0.01 uF. 


The Cy, Co, and Cg capacitors should be used to shunt low- and high-frequency noise from Voc. Do not 


replace with one capacitor. 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination o the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29116 D Cc B 
L_ Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 52-pin CERDIP 
L-52-pin Chip-Pak 
X- Dice 


Device type 
A High-Performance 16-Bit Bipolar Microprocessor 
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Valid Combinations 


Am29116 


Valid Combinations 
Consult the AMD sales office in ycur area to 
determine if a device is currently avaiable in the 
combination you wish. 
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PIN DESCRIPTION 


__Pin No. |Name__| 1/0 | Description 
Yo-Yi5 1/0 | Data Input/Output Lines. When OEy is HIGH, Yo-Y15 are used as external data inputs which allow data to be directly 
loaded into the 16-bit data latch. Having OEy LOW allows the ALU data to be output on Yo-Y45. 


| 36 {DLE__—_—s{_1{_| Data Latch Enable. When DLE is HIGH, the 16-bit data latch is transparent and is latched when DLE is LOW. 


Bs eS Output Enable. When OEy is HIGH, the 16-bit Y outputs are disabled (high-impedance); when OEy is LOW, the 16-bit 


Y outputs are enabled (HIGH or LOW). 


Sixteen Instruction Inputs. Used to select the o 
while performing immediate instructions. 

Instruction Enable. With IEN LOW, data can be written into the RAM when the clock is LOW. The Accumulator can 
accept data during the LOW-HIGH transition of the clock. Having IEN LOW, the Status Register can be updated when 
SRE is LOW. With TEN HIGH, the conditional test output, CT, is disabled as a function of the instruction inputs. TEN 
should be LOW for the first half of the first cycle of an immediate instruction. 


Status Register Enable. When SRE and IEN are both LOW, the Status Register is updated at the end of all instructions 
with the exception of NO-OP, Save Status, and Test Status. Having either SRE or IEN HIGH will inhibit the Status 
Register from changing. - 

Clock Pulse. The clock input to the Am29116. The RAM latch is transparent when the clock is HIGH. When the clock 
goes LOW, the RAM output is latched. Data is written into the RAM during the low period of the clock provided TEN is 
LOW and if the instruction being executed designates the RAM as the destination of operation. The Accumulator and 
Status Register will accept data on the LOW-HIGH transition of the clock if IEN is also LOW. The instruction latch 
becomes transparent when it exits an immediate instruction mode during a LOW-HIGH transition of the clock. 


Input/Output Pin. Under the control of OET, the four lower status bits Z, C, N, OVR become outputs on T7-T4, 
respectively when OET goes HIGH. When OET is LOW, Ty- T4 are used as inputs to generate the CT output. 


23 
O Output Enable. When OE is LOW, the 4-bit T outputs are disabled (high-impedance); when OEy is HIGH, the 4-bit T 
outputs are enabled (HIGH or LOW). as 


Er 
| Bova asad seactola Pale Conditional Test. The condition code multiplexer selects one of the twelve condition code signals and places them on 


the CT output. A HIGH on the CT output indicates a passed condition and a LOW indicates a failed condition. 


perations to be performed in the Am29116. Also used as data inputs 


<_] O€y 


B23 Yo-15 


<__J Ove 


PRIORITY 
ENCODER 


Figure 1. Detailed Am29116 Block Diagram. 
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ARCHITECTURE OF THE Am29116 


The Am29116 is a high-performance, microprogrammable 16- 
bit bipolar microprocessor. 


As shown in the Block Diagram, Figure 1, the device consists 
of the following elements interconnected with 16-bit data 
paths. 


32-Word by 16-Bit RAM 
Accumulator 

Data Latch 

Barrel Shifter 

ALU 

Priority Encoder 

Status Register 

Condition-Code Generator/Multiplexer 
Three-State Output Buffers 
Instruction Latch and Decoder 


32-Word by 16-Bit RAM 


The 32-Word by 16-Bit RAM is a single-port RAM with a 16-bit 
latch at its output. The latches are transparent when the clock 
input (CP) is HIGH and latched when the clock input is LOW. 
Data is written into the RAM while the clock is LOW if the IEN 
input is also LOW and if the instruction being executed defines 
the RAM as the destination of the operation. For byte 
instructions, only the lower eight RAM bits are written into; for 
word instructions, all 16 bits are written into. With the use of an 
external multiplexer on five of the instruction inputs, it is 
possible to select separate read and write addresses for the 
same instruction. This two-address operation is not allowed for 
immediate instructions. 


Accumulator 


The 16-bit Accumulator is an edge-triggered register. The 
Accumulator accepts data on the LOW-to-HIGH transition of 
the clock input if the TIEN input is LOW and if the instruction 
being executed defines the Accumulator as the destination of 
the operation. For byte instructions, only the lower eight bits of 
the Accumulator are written into; for word instructions, all 16 
bits are written into. 


Data Latch 
The 16-bit Data Latch holds the data input to the Am29116 on 


_ the bi-directional Y bus. The latch is transparent when the DLE 


input is HIGH and latched when the DLE input is LOW. 
Barrel Shifter 


A 16-bit Barrel Shifter is used as one of the ALU inputs. This 
permits rotating data from either the RAM, the Accumulator or 
the Data Latch up to 15 positions. In the word mode, the Barrel 
Shifter rotates a 16-bit word; in the byte mode, it rotates only 
the lower eight bits. 


Arithmetic Logic Unit 


The Am29116 contains a 16-bit ALU with full carry lookahead 
across all 16 bits in the arithmetic mode. The ALU is capable 
of operating on either one, two or three operands, depending 
upon the instruction being executed. It has the ability to 
execute all conventional one and two operand operations, 
such as pass, complement, two's complement, add, subtract, 
AND, NAND, OR, NOR, EXOR, and EX-NOR. In addition, the 
ALU can also execute three-operand instructions such as 
rotate and merge and rotate and compare with mask. All ALU 
operations can be performed on either a word or byte basis, 
byte operations being performed on the lower eight bits only. 


The ALU produces three status outputs, C (carry), N (negative) 
and OVR (overflow). The appropriate flags are generated at 
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the byte or word level, depending upon whether the device is 
executing in the byte or word mode. The Z (zero) flag, 
although not generated by the ALU, detects zero at both the 
byte and word level. 


The carry input to the ALU is generated by the Carry 
Multiplexer which can select an input of zero, one, or the 
stored carry bit from the Status Register, QC. Using QC as the 
carry input allows execution of multiprecision addition and 
subtractions. 


Priority Encoder 


The Priority Encoder produces a binary-weighted code to 
indicate the locations of the highest order ONE at its input. 
The input to the Priority Encoder is generated by the ALU 
which performs an. AND operation on the operand to be 
prioritized: and a mask. The mask determines which bit 
locations to eliminate from prioritization. In the word mode, if 
no bit is HIGH, the output is a binary zero. If bit 15 is HIGH, the 
output is a binary one. Bit 14 produces a binary two, etc. 
Finally, if only bit 0 is HIGH, a binary 16 is produced. 


In the byte mode, bits 8 thru 15 do not participate. If none of 
bits 7 thru 0 are HIGH, the output is a binary zero. If bit 7 is 
HIGH a binary one is produced. Bit 6 produces a binary two, 
etc. Finally, if only bit 0 is HIGH, a binary 8 is produced. 


Status Register 


The Status Register holds the 8-bit status word. With the 
Status-Register Enable, (SRE) input LOW and the IEN input 
LOW, the Status Register is updated at the end of all 
instructions except NO-OP, Save-Status and Test-Status in- 
structions. SRE going HIGH or JEN going HIGH inhibits the 
Status Register from changing. 


The lower four bits of the Status Register contain the ALU 
status bits of Zero (Z), Carry, (C) Negative (N), and Overflow 
(OVR). The upper four bits contain a Link bit and three user- 
definable status bits (Flag 1, Flag 2, Flag 3). 


With SRE LOW and JEN LOW, the lower four status bits are 
updated after each instruction except those mentioned above, 
NO-OP, Save Status, Status Test and the Status Set/Reset 
instruction for the upper four bits. Under the same conditions, 
the upper four status bits are changed only during their 
respective Status Set/Reset instructions and during Status 
Load instructions in the word mode. The Link-Status bit is also 
updated after each shift instruction. 


The Status Register can be loaded from the internal Y-bus, 
and can also be selected as a source for the internal Y-bus. 
When the Status Register is loaded in the word mode, all 8- 
bits are updated; in the byte mode, only the lower 4 bits (Z, C, 
N, OVR) are updated. 


When the. Status Register is selected as a source in the word 
mode, all eight bits are loaded into the lower byte of the 
destination; the upper byte of the destination is loaded with all 
zeros. In the byte mode, the Status Register again loads into 
the lower byte of the destination, but the upper byte remains 
unchanged. This Store and Load combination allows saving 
the restoring the Status Register for interrupt and subroutine 
processing. The four lower status bits (Z, C, N, OVR) can be 
read directly via the bidirectional T bus. These four bits are 
available as outputs on the T;.4 outputs whenever OET is 
HIGH. 


Condition-Code Generator/Multiplexer 


The Condition-Code Generator/Multiplexer contains the logic 
necessary to develop the 12 condition-code test signals. The 
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multiplexer portion can select one of these test signals and 
place it on the CT output for use by the microprogram 
sequence. The multiplexer may be addressed in two different 
ways. One way is through the Test Instruction. This instruction 
specifies the test condition to be placed in the CT output, but 
does not allow an ALU operation at the same time. The 
second method uses the bidirectional T bus as an input. This 
requires extra bits in the microword, but provides the ability to 
simultaneously test and execute. The test instruction lines, 
lo-4, have priority over T+.4, for testing status. 


Three-State Output Buffers 


There are two sets of Three-State Output Buffers in the 
Am29116. One set controls the bidirectional, 16-bit Y bus. 
These outputs are enabled by placing a LOW on the OE input. 
A HIGH puts the Y outputs in the high-impedance state, 
allowing data to be input to the Data latch from an external 
source. 


The second set of Three-State Output Buffers controls the 
bidirectional 4-bit T bus and is enabled by placing a HIGH on 
the OE input. This allows storing the four internal ALU status 


The instruction set of the Am29116 is very powerful. In 
addition to the single and two operand logical and arithmetic 
instructions, the Am29116 instruction set contains functions 
particularly useful in controller applications: bit set, bit reset, 
bit test, rotate and merge, rotate and compare, and cyclic- 
redundancy-check (CRC) generation. Complex instructions 
like rotate and merge, rotate and compare, and prioritize are 
executed in a single microcycle. 


Three data types are supported by the Am29116. 


@ Bit 
@ Byte 
@ Word (16-bit) 


In the byte mode data is written into the lower half of the word 
and the upper half is unchanged. The special case is when the 
status register is specified as the destination. In the byte mode 
the LSH (OVR, N, C, Z) of the status register is updated and in 
the word mode all eight bits of the status register are updated. 
The status register does not change for save status and test 
status instructions. In the test status instructions the CT output 
has the result and the Y-bus is undefined. 


bits (Z, C, N, OVR) externally. A LOW OEr input forces the T 
outputs into the high-impedance state. External devices can 
then drive the T bus to select a test condition for the CT 
output. 


Instruction Latch and Decoder 


The 16-bit Instruction Latch is normally transparent to allow 
decoding of the Instruction Inputs by the Instruction Decoder 
into the internal control signals for the Am29116. All instruc- 
tions except Immediate Instructions are executed in a single 
clock cycle. 


Immediate instructions require two clock cycles for execution. 


INSTRUCTION SET 
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During the first clock cycle, the Instruction Decoder recognizes 
that an Immediate Instruction is being specified and captures 
the data on the Instruction Inputs in the Instruction Latch. 
During the second clock cycle, the data on the Instruction 
Inputs is used as one of the operands for the function 
specified during the first clock cycle. At the end of the second 
clock cycle, the Instruction Latch is returned to its transparent 
state. 


The Am29116 Instruction Set can be divided into eleven 
types of instructions. These are: 


@ Single Operand @ Rotate and Compare 


@ Two Operand ® Prioritize 

® Single Bit Shift ® Cyclic-Redundancy-Check 
@ Rotate and Merge @ Status 

@ Bit Oriented @ No-Op 


@ Rotate by n Bits 


Each instruction type is arbitrarily divided into quadrants. Two 
of the sixteen instruction lines decode to four quadrants 
labelled from 0 to 3. The quadrants were defined mainly for 
convenience in classification of the instruction set and ad- 
dressing modes and can be used together with the OP 
CODES to distinguish the instructions. 


The following pages describe each of the instruction types in 
detail. Throughout the description OEy is assumed to be LOW 
allowing ALU outputs on the Y-bus. 


Table 1 illustrates operand source-destination combinations 
for gach instruction type. 
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TABLE 1. OPERAND SOURCE DESTINATION COMBINATIONS 


instruction Type Operand Combinations (Note 1) 


Source (R/S) 
RAM (Note 2) 
ACC 
Single Operand D 
D(0E) 


Two Operand 


Single Bit Shift 


Rotate n Bits 
D 
Source (75) 
Spe, RAM RAM 
D 


Non-Rotated 
Rotated Snape) 
Source (U) Destination (R) 
D | 


Rotate and Merge 


D RAM 
D | 
D ACC 
ACC | 
RAM | 
Rotated 
Source (U) 
D | 
| 
ag 


D 
D 
RAM 


Non-Rotated 
Source/ 
Destination (R) 


Rotate and 
Compare 


RAM RAM 
ACC ACC 
D | 
0 
Oyclic Polynomial 
Redundancy 


Check QLINK RAM ACC 


a 7 ae ee 
Bits Affected 


Prioritize (Note 3) 


Set Reset Status 


Test Condition (CT) 


(N@OVR) + Z 
N@OVR 
Z 
OVR 
Low 
Cc 
Z+C 
N 
LINK 
Flag 1 
Flag 2 
Flag 3 


Test Status 


Notes: 1. When there is no dividing line between the R&S OPERAND or SOURCE and DESTINATION, the 
two must be used as a given pair. But where there exists such a separation, any combination of 


them is possible. 


2. In the SINGLE OPERAND INSTRUCTION, RAM cannot be used when both ACC and 


STATUS are designated as a DESTINATION. 


3. In the PRIORITIZE INSTRUCTION, OPERAND and MASK must be different sources. 
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SINGLE OPERAND INSTRUCTIONS 


The Single Operand Instructions contain four indicators: byte 
or word mode, opcode, source and destination. They are 
further subdivided into two types. The first type uses RAM as a 
source or destination or both, and the second type does not 
use RAM as a source or destination. Both types have different 
instruction formats as shown below. Under the control of 
instruction inputs, the desired function is performed on the 
source and the result is either stored in the specified destina- 
tion or placed on the Y-bus or both. For a special case where 


8-bit to 16-bit conversion is needed, the Am29116 is capable 
of extending sign bit (D(SE)) or binary zero (D(OE)) over 16-bits 
in the word mode. The least significant four bits of the Status 
Register (OVR, N, C, Z) are affected by the function performed 
in this category. The most significant bits of status register 
(FLAG1, FLAG2, FLAG3, LINK) are not affected. The only 
limitation in this type is that the RAM cannot be used as a 
source when both ACC and the Status Register are specified 
as a destination. 


SINGLE OPERAND FIELD DEFINITIONS 


1514 13 12 


98 5 4 0 


SINGLE OPERAND INSTRUCTION 


I5 14 . l2 


MOVE SRC-~ Dest 
COMP SRC. Dest 
INC SRC + 1— Dest 
NEG SRC +1-~—Dest 


MOVE SRC-.Dest 
COMP ~ Dest 
INC SRC + 1-— Dest 
NEG SRC+1~—Dest 


. The instruction pact 
the System 29 AMDASM'™ meta assembler. 
. B = Byte Mode, W = Word Mode. 
. See Instruction Set description. 
. R = Source; S = Source; Dest = Destination. 
. When status is destination, 
Status i — Yi i=0 to 3 (Byte. mode) 
i= 0 to 7 (Word mode) 


Ohl @®Nh 


SOR o=B fy snc | nc | No | nc | no] 0 [ujo|u 
sonn [COMP SRC Dest —~idt=wiy. SAC | nc | nc | nc | nc | 0 [ujolu, 
[ine [snc #1 = Det +) «= (Ya src | no | Nc | nc] no | ujuluju, 


NEG [SRC +1—Det _— 


SRC = Source 
U = Update 
NC = No Change 


esignates different instruction formats used in the Am29116. They are useful in assembly microcode with 


Y BUS AND STATUS - SINGLE OPERAND INSTRUCTIONS 


ae ee 


SORA RAM Reg 00 
SORY ee es 

SORS 11111 ASI 
SOAR 

SODR 

SOIR 

SOZR 

SOZER D(0E) 

SOSER D(SE) 


RAM Reg 31 


NRY Y Bus 
NRA ACC 
NRS Status® 
NRAS _ ACC, Status” 
SOZE D(0E) 
SOSE D(SE) 


fy SRC +1 | NC | NC |] Nc | NC [| vu fujuiju 


0= Reset 
1 = Set 
i=0 to 15 when not specified 
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TWO OPERAND INSTRUCTIONS 


The Two Operand Instructions contain five indicators: byte or 
word mode, opcode, R source, S source, and destination. 
They are further subdivided into two types. The first type uses 
RAM as the source and/or destination and the second type 
does not use RAM as source or destination. The first type has 
two formats; the only difference is in the quadrant. Under the 
control of instruction inputs, the desired function is performed 


specified destination or placed on the Y-bus or both. The least 
significant four bits of the status register (OVR, N, C, Z) are 
affected by the arithmetic functions performed and only the N 
and Z bits are affected by the logical functions performed. The 
OVR and C bits of the status register are forced to ZERO for 
logical functions. Add with carry and Subtract with carry 
instructions are useful for Multiprecision Add or Subtract. 


on the specified sources and the result is stored in the 


TWO OPERAND FIELD DEFINITIONS 


15 14 13 12 98 5 4 0 


om [non] "| ere [ 


oe [Some SS oe [re 


TWO OPERAND INSTRUCTIONS 


eee eee ee RAM Address 


SUBR _ S minus R ROO RAM Reg 00 
TOR1 


SUBRC* S minus R 
, 1 1 11 R31 


with carry 
SUBS 
: tide 


R minus S 
SUBSC? 
Note 1: R = Source 


R minus S 
S = Source 
Dest = Destination 
Note 2: During subtraction the carry is interpreted as borrow. 


RAM Reg 31 


ADD 


0001 TODAR D ACC RAM S minus R ROO RAM Reg 00 
0010 TOAIR ACC | RAM soe SUBRC2 S minus R 
0101 TODIR D RAM 11111 R31. ~ RAM Reg 31 
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TWO OPERAND INSTRUCTIONS 


BT ane ees erodes NP aa 


0001 TODA D S minus R NRY Y Bus 

0010 TOA! ACC S minus R with NRA ACC 

0101 TODI D carry NRS _ Status? | 
R minus S NRAS ACC, Status® 

TONR . R minus S. with 
Carry 
; R plus S 
R plus S with { 
Carry 
ReS : 

R 


Notes 1: R = Source 
S = Source 
2: When status is destination, 
Status i- Yj i=0 to 3 (Byte mode) 
i=0 to 7 (Word mode) 
3: During subtraction the carry is interpreted as borrow. 


9LL6cwiy 


Y BUS AND STATUS CONTENTS - TWO OPERAND INSTRUCTIONS 


ee [ome [mtn [wr vom roe moma] 


TOR1 | SUBSC R minus S with aS e ie NC NC U a ce 
TOR2 carry 


oe |ADD | RplusS EVAR + Sxoiounes: | NO | NC | NO |'NC | vi | Ulu] eT 


renee [elm fel» [ulyle 
ano [rs | [¥omaws | no|nc|ne|nc| o julo 

ete | ROT eee 
= MinRexORS [no [no | nc | wo] o [ufofu 
Inon [RFS | [Wicninons | nc|nc|nc| nc] o julolu 
[oa [res Mien ons; [no [no] no] wo] o [ufofu 
ick enon § [no | nc | nc | nc | 0 [ololu 


NC = No Change 

0 = Reset 

1 = Set 

i=0O to 15 when not specified 
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SINGLE BIT SHIFT INSTRUCTIONS 


The Single Bit Shift Instructions contain four indicators: byte or 
word mode, direction and shift linkage, source and destination. 
They are further subdivided into two types. The first type uses 
RAM as the source and/or destination and the second type 
does not use RAM as source or destination. Under the control 
of the instruction inputs, the desired shift function is performed 
on the specified source and the result is stored in the specified 
destination or placed on the Y-bus or both. The direction and 
shift linkage indicator defines the direction of the shift (up or 
down) as well as what will be shifted into the vacant bit. On a 
shift-up instruction, the LSB may be loaded with ZERO, ONE, 


or the Link-Status bit (QLINK). The MSB is loaded into the 
Link-Status bit as shown in Figure 2. On a shift-down 
instruction, the MSB may be loaded with ZERO, ONE, the 
contents of the Status Carry flip-flop, (QC), the Exclusive-OR 
of the Negative-Status bit and the Overflow-Status bit (QN © 
QOVR) or the Link-Status bit. The LSB is loaded into the Link- 
Status bit as shown in Figure 3. The N and Z bits of the Status 
register are affected but the OVR and C bits are forced to 
ZERO. The Shift-Down with QN @ QOVR is useful for Two's 
Complement multiplication. 


SINGLE BIT SHIFT FIELD DEFINITIONS: 


15 14 13 12 


SHFTR 


SHFTNR 


9 8 5 4 


Figure 2. Shift Up Function. 


PFO000350 


Figure 3. Shift Down Function. 
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SINGLE BIT SHIFT INSTRUCTIONS 


SINGLE BIT SHIFT 


0110 SHRR = RAM RAM 00000 ROO RAM Reg 00 | 
0111 SHDR OD RAM 001 SHUP1 ie : an wre Sear 
SHFTR 0010 SHUPL Up QLINK 11111 R31 © RAM Reg 31 

0100 SHDNZ Down 0 
0101 SHDNi1 Down 1 
0110 SHDNL Down QLINK 
0111 SHDNC Down QC | 
1000 SHDNOV Down QN@QOVR / 


[inatracton | rw [awa Optde —SS« SSC tation 


0= a 11 0110 SHA ACC SHUPZ 00000 NRY_ Y Bus 
j= 0111 SHD D oan SHUP1 : 
SHFTNR 0010 SHUPL Up QLINK 
0100 SHDNZ Down 0O 
0101 SHDN1 Down 1 
0110 SHDNL Down QLINK 
SHDNC Down QC 
SHDNOV Down QN@QOVR 


00001 NRA ACC 
Note 1. U = Source 


Dest = Destination 


SL L6cuiy 


Y BUS AND STATUS - SINGLE BIT SHIFT INSTRUCTIONS 


[instruction [Opcode | Description [B/W] _V- Bus | Fag | Fiagz| gt] Unk [oval w [o[z_ 


Up 0 Y¥j-SRCj_ 3, i= 1 to 15; NC NC NC | SRC45* SRC14 U 
Up 1 Yo* Shift Input 
Up QLINK Yj-SRCj_ 7, i= 1 to 7; 

Yo* Shift Input; * 

Yg~SRC7, Yj- SRC|_ 8 SAC? 


for i=9 to 15 


Yi- SRC +4, 1=0 to 14; 
Y15*Shift Input 


SHDNZ 


SHDN1 | Nc | srcor | 0 | 


SHDNL Y¥;- SRCj + 1, i=0 to 6; 

SHDNC , i ; si 

eae Yj- SRCj_ 7, i=8 to 14; SRCo* Input 
Y7.15* Shift Input : 


SRC = Source 
U = Update 
NC = No Change 

0 = Reset 

1 = Set 
i=0 to 15 when not specified 


“Shifted Output is loaded into the QLINK. 
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BIT ORIENTED INSTRUCTIONS 


The Bit Oriented Instructions contain four indicators: byte or 
word mode, operation, source/destination, and the bit position 
of the bit to be operated on (Bit 0 is the least significant bit). 
They are further subdivided into two types. The first type uses 
the RAM as both source and destination and has two kinds of 
formats which differ only by quadrant. The second type does 
not use the RAM as a source or a destination. Under the 
control of the instruction inputs, the desired function is 
performed on the specified source and the result is stored in 
the specified destination or placed on the Y-bus or both. The 
operations which can be performed are: Set Bit n which forces 


which forces the n'" bit to ZERO leaving the other bits 
unchanged; Test Bit n, which sets the ZERO Status Bit 
depending on the state of bit n leaving all the bits unchanged; 
Load 2", which loads ONE in Bit position n and ZERO in all 
other bit positions; Load 2" which loads ZERO in bit position n 
and ONE in all other bit positions; increment by 2", which adds 
2" to the operand; and decrement by 2" which subtracts 2" 
from the operand. For all the Load, Set, Reset and Test 
instructions, the N and Z bits are affected and OVR and C bit 
of the Status register are forced to ZERO. For all arithmetic 
instructions the LSH (OVR, C, N, Z bits) of the Status register 


the n'” bit to a ONE leaving other bits unchanged; Reset Bit n is affected. 


BIT ORIENTED FIELD DEFINITIONS 


15 14 13 129 8 5 4 0 


port [Bw] ovad] n | Opcode | RAM Access | 
pone [B/w] Quad] n | Opcode | RAM Access | 
ona [Bw] aved| 1 | 1100 | Opeode 


BIT ORIENTED INSTRUCTIONS 


[instruction | B/W|Quad| n__| _—__—Opcode =| RAM Address 
00000 ROO 


a 1101. SETNR Set RAM, bit n RAM Reg 00 
BOR1 Galery: ea 1110 
1111 


RSTNR ~~ Reset RAM, bit n . sees 
TSTNR _ Test RAM, bit n 11111 RAM Reg 31 


NT 


ROO RAM Reg 00 


1100 LD2NR_ 2" RAM 
acess 1101 LOC2NR- 2" RAM Ri 
1110 A2NR RAM plus 2 + RAM 
1111. S2NR RAM minus 2" RAM R31 RAM Reg 31 


Piweee lem leed se 


Test ACC, bit n 
Reset ACC, bit n 
Set ACC, bit n 
ACC plus 2" ACC 
os minus 2" _,ACC 
a nm ACC 

1=W Oe Te | Test D, bit n 
Reset D, bit n 
Set D, bit n 
D plus 2" _, Y BUS 
D minus 2" | Y Bus 
2” _, Y Bus 
2" _. Y Bus 
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BIT ORIENTED INSTRUCTIONS 


Y BUS AND STATUS - BIT ORIENTED INSTRUCTIONS 


instruction [Opeode] Deserpton Fig | Fag? | Fiagt [UNK]ovA| Ne [2 
SETNR Set RAM Bit n 0 =B | Yj;- RAM; for i#n; Yp~1 NC NC NC NC U 0 I 
BOR1 RSTNR Reset RAM, Bit n | 1 =W/Y|—RAM; for i#n; Y,-0 NC NC NC NC U U . 


Vi=0 for ini Yn=SACy | _NC| NC[ NC [NC] 0 |ulo|u 


SL L6cwy 


¥in0 form: Yn Tne [onc | nc [nc | ofufofo | 

5 Virt fori#n¥n-0+| NC | no] NO [nc] o[ulojo| 
Ann _[RAM+2"=RAM | [vir RAW+2" ——SS*YNC NC | NC | nc] ufululu| 
[SONA _|RAM-2"=RAM 


=z 


Vir0-fori#niYo~ACG, | no | nc] NC [Nc] o|ulo|u 
YirAOG fori#m:Yn~0 | NC_[ no | NC_[ nc] o[ulo|u] 
ViTAOG; forivm Yn=t | NC | NC] NO [NC] 0 [u[o]o | 


U = Update 
NC = No Change 
0 = Reset 

1 = Set 

i= 0 to 15 when not specified 


*Destination is not D Latch but Y Bus. 


ANA _|acc+2"—-acc |  [¥inaco+e”  ———SSs*T=CN | =NC | NC [| NC|UlUlulu | 
Miraco-2"—SSCdYCNC S| CNG NG PN | UPOlelu | 
Vir0 fori#nYa-t | NO | NO_| NC_[NO|o|[Ulolo_ 
sone [LDO2NA_[BT=ACO «|S Mint form; Yn Pnc_[ no | no [Nc] o|ulolo 
Yi=0 fori#ni Yno-Da | No | NC | No_| NC] o[ujo|u_ 
Vi-Oi fori#niYn-o | NO | NC | NC_| NC] 0 |ulo|u| 
Yin) fori; Yat Pnc_f no | no | no] o[ulofo 
ae NT Ne) Me | NO ea 
y-p-2" SS SSSCdECNCSTsSNC | NG | NC[ulululu| 
VirOfori#nYart | NO] NO | NO [NO] o|ulolo| 

Vict for tere Yo<0 os | ONC. 1 NG | NC | NG FO 1) 643 ‘S| 
SRC = Source 
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ROTATE BY n BITS INSTRUCTIONS 


The Rotate by n Bits Instructions contain four indicators: byte 
or word mode, source, destination and the number of places 
the source is to be rotated. They are further subdivided into 
two types. The first type uses RAM as a source and/or a 
destination and the second type does not use RAM as a 
source or destination. The first type has two different formats 
and the only difference is in the quadrant. The second type 
has only one format as shown in the table. Under the control 


is either stored in the specified destination or placed on the Y- 
bus or both. An example of this instruction is given in Figure 4. 
In the Word mode, all 16-bits are rotated up while in the Byte 
mode, only lower 8-bits (0-7) are rotated up. In the Word 
mode, a rotate up by n bits is equivalent to a rotate down by 
(16-n) bits. Similarly, in the Byte mode a rotate up by n bits is 
equivalent to a rotate down by (8-n) bits. The N and Z bits of 
the Status Register are affected and OVR and C bits are 


of instruction inputs, the n indicator specifies the number of bit forced to ZERO. 


positions the source is to be rotated up (0 to 15), and the result 


EXAMPLE: n= 4, Word Mode ROTATE BY n BITS FIELD DEFINITIONS 


Source 0001 0011 
Destination 0011 0111 


EXAMPLE: n= 4, Byte Mode 


0001 0011 
0001 0011 


15 14 13 129 8 5 4 0 


notrt [B/w] Guad]| n [SAODest| RAM Adcross | 
rotre[e/w] Guad| n [SACDest]| RAM Adcross | 


rotr[ew[oved | n | 1100 | SACDest 


ROTATE BY n BITS INSTRUCTIONS 
[instruction | B/W | Quad] on [| ——'U" ~—sdest” “| —~=SCRAM Address 
00000 ROO 
Y Bus 


cen 1100 RTRA RAM RAM Reg 00 
ROTR1 get 1110 aes nae 
1111 RAM 11114 RAM Reg 31 


RTRY RAM 


_ Source 
Destination 


Figure 4. Rotate by n Example 


RTRR aes 


ROTR2 oe = RTAR RAM eee RAM Reg 00 
Se 2001 RTDR RAM eas RAM Reg 31 
eee a et |B Cae a 


ee D 
RTDA OD 

RTAY ACC 
RTAA ACC 


11001 ACC 


Note 1: U = Source 
Dest = Destination 


Y BUS AND STATUS - ROTATE BY n BITS INSTRUCTIONS 


Op- 
Coon [Se [ev] v=ee [re] eto [umcom] me] 


ROTRY | 1=W | Yi- SRC(-nmod16 ae. eee U 
ROTR2 Vi SAG +. = SACK pmods 
ROTNR po-B frisO to? NC SRC -n 


SRC = Source 

U = No Change 

0 = Reset 

1 = Set 

i=0O to 15 when not specified 
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ROTATE AND MERGE INSTRUCTION 


The Rotate and Merge Instructions contain five indicators: 
byte or word mode, rotated source, non-rotated source/ 
destination, mask and the number of bit positions a source is 
to be rotated. The function performed by the Rotate and 
Merge instruction is illustrated in Figure 5. The rotated source, 
U, is rotated up by the Barrel Shifter n places. The mask input 


input. A ZERO in bit i of the mask will select the i*” bit of the R 
input as the it” output bit, while ONE in bit i will select the it” 


rotated U input as the output bit. The output word is stored in- 


the non-rotated operand location. The N and Z bits are 
affected. The OVR and C bits of the Status register are forced 
to ZERO. An example of this instruction is given in Figure 6. 


> 
- 
N 
) 
scars 
wd. 
o 


then selects, on a bit by bit basis, the rotated U input or R 


ROTATE AND MERGE FIELD DEFINITIONS: 


15 14 13 129 8 


amt 


5 4 


ROT SRC- 
Non ROT SRC- 
Mask 


RAM Address 


EXAMPLE: n= 4, Word Mode 


U 0011 0001 
Rotated U 0001 0101 
R 1010 1010 
Mask (S) 0000 1111 
Destination 1010 0101 


0101 
0110 
1010 
0000 
1010 


Figure 6. Rotate and Merge Example. 


ROTATE AND MERGE INSTRUCTION 


Peececninr ee oA ao Naas Fa ea en Sa ee 


MDAI 
ROTM 


MDAR : 
Note 1. U=Rotated Source 


MDRI D 
MDRA OD 
R/Dest = Non-Rotated Source and Destination 
S = Mask 


ROO RAM Reg 00 


R31 RAM Reg 31 


MARI ACC 
MRAI RAM 


Y BUS AND STATUS - ROTATED MERGE 


[|_Instruction [Opcode| B/W | Y-Bus | Flag | Flag2 | Flagi | LINK | OVR [N[C |Z | 
rw | emcee [we [we fe fw |e folely 
= pe fre fe fm fe fofe fon 


ie Yj—(Non Rot Op);- (mask); + 
(Rot Op)(i- nymod 8° (mask); 
U = Update 

NC = No Change 

0 = Reset 

1 = Set 

i= 0 to 15 when not specified 


02112C 
Refer to Page 13-1 for Essential Information on Military Devices 


6-35 


Am29116 


ROTATE AND COMPARE INSTRUCTIONS 


The Rotate and Compare Instructions contain five indicators: 
byte or word mode, rotated source, non-rotated source, mask, 
and the number of bit positions the rotated source is to be 
rotated up. Under the control of instruction inputs, the function 
performed by the Rotate and Compare instruction is illustrated 
in Figure 7. The rotated operand is rotated by the Barrel Shifter 
n places. The mask is inverted and ANDed on a bit-by-bit basis 


with the output of the Barrel Shifter and R input. Thus, a ONE 
in the mask input eliminates that bit from the comparison. A 
ZERO allows the comparison. If the comparison passes, the 
Zero flag is set. If it fails, the Zero flag is reset. The N and Z bit 
are affected. The OVR and C bits of the Status register are 
forced to ZERO. An axampin of this instruction is given in 
Figure 8. 


ROTATE AND COMPARE FIELD DEFINITIONS 


15 14 13 129 8 5 4 
Rot Srec- 


Non Rot Src- 
Mask 


ROTC 


0 
RAM Address 


eos» 


EXAMPLE: n= 4, Word Mode 


U 0011 0001 
U Rotated 0001 0101 
R 0001 0101 
Mask (S) 0000 0000 
Z (status) = 1 


Figure 8. Rotate and Compare Examples. 


PFOO00650 


Figure 7. Rotate and Compare Function. 


ROTATE AND COMPARE INSTRUCTIONS 


oe 


CON ROO RAM Reg 00 
ROTC 4 


CDRI aaa 
R31 RAM Reg 31 
Note 1. U= Rotated Source 


RAM 
ACC 


AM 


D 

D 

CDRA D 
CRAI R 

R = Non-Rotated Source 

S = Mask 


Y BUS AND STATUS - ROTATE AND COMPARE 


[Tinstruction [Opcode] B/W [Y= Bus | Fag | Flag? | Fag? | UNK | OVA [N]G |Z 

[12 | Galena ema, | NO | NC | we | ne] 0 [ulolu 
(Rot Op)(i-n)mod 16° (mask); 

mae nc | nc | nc | nc | o julojul 


ROTC — 
Y¥;- (Non Rot Op)j- (mask)j® 
(Rot Op)(i- nymod 8: (mask); 
U = Update 

NC = No Change 

0 = Reset 

1 = Set 

i=0O to 15 when not specified 
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PRIORITIZE INSTRUCTION 


The Prioritize Instructions contain four indicators: byte or word 
mode, operand source (R), mask source (S) and destination. 
They are further subdivided into two types. The function 
performed by the Prioritize instruction is shown in Figure 9. 
The R operand is ANDed with the complement of the Mask 
operand. A ZERO in the Mask operand allows the correspond- 
ing bit in the R operand to participate in the priority encoding 
function. A ONE in the Mask operand forces the correspond- 
ing bit in the R operand to a ZERO, eliminating it from 
participation in the priority encoding function. 


The priority encoder accepts a 16-bit input and produces a 5- 


bit binary-weighted code indicating the bit position of the 


highest priority active bit. If none of the inputs are active, the 
output is ZERO. In the Word mode, if input bit 15 is active, the 
output is 1, etc. Figure 10 lists the output as a function of the 
highest-priority active-bit position in both the Word and Byte 
mode. The N and Z bits are affected and the OVR and C bits 
of the status register are forced to ZERO. The only limitation in 
this instruction is that the operand and the mask must be 
different sources. 


> 
3 
ND 
ve] 
= 
oh 
o> - 


PRIORITIZE INSTRUCTION FIELD DEFINITIONS 


15 1413 12 


98 5 4 


Destination 


eon 


WORD MODE 


Highest 
Priority 
Active Bit 


BYTE MODE* 
Highest 
Priority 

Active Bit 


Encoder 
Output 


Encoder 
Output 
Figure 9. Prioritize Function. 


*Bits 8 through 15 do not participate. 
Figure 10. 


PRIORITIZE INSTRUCTION 


| instruction | B/W | Quad | Destination Source (R) RAM Address/Mask (S) 
00000 ROO 
1010 


eS 1000 PRIA ces APT EK RAM Reg 00 
PRT1 cw 


ACC 
PR1Y ‘YY Bus Ee Age 
1011 PRIR RAM as ee 11111 RAM Reg 31 


R31 
[|_instruction | B/W | Quad | Mask (S)_ | _—___—Destination RAM Address/Source (R) 
ROO 
1010 


1000 PRA RAM Reg 00 


PRZ = pias 
1011 PRI Myieia PO, VM 1 aii RAM Reg 31 


R31 
A 00000 ROO 
1010 


1000 PRA 0011 PR3R RAM RAM Reg 00 
PRT3 10 


PRZ 0100 PR3A os Wao 
1011 PRI 0110 PR3D 11111 RAM Reg 31 


D R31 
[instruction | e/w | Quad | Mask () Source ( 


1000 PRA 
0=B 0100 PRTA ACC NRY Y Bus 
PRTNR 1=W u 1010 PAZ 0110 PRTD 00001 NRA ACC 
1011 PRI 
02112C 
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Y BUS AND STATUS - PRIORITIZE INSTRUCTION 3 
instruction | opcode | 8/w | _Y-8us | Fag | Figo | Fagt | UNK [ova [w]] 2 


Y¥;-CODE (SCR: mask,); 
Ym~-0; i=0 to 4 and n=0 to 15 NC NC NC NC 
1 = Set 


m=5 to 15 
Y¥;~ CODE (SCR: mask); 
NC = No Change 
0 = Reset i=0 to 15 when not specified 


Ym~-0; i=0 to 3 and n=0 to 7 
m=4 to 15 


SRC = Source 
U = Update 


CRC INSTRUCTION 


The CRC (Cyclic-Redundancy-Check) Instructions contain one 
indicator: address of a RAM register to use as the check sum 
register. The CRC instruction provides a method for genera- 
tion of the check bits in a CRC calculation. Two CRC 
instructions are provided - CRC Forward and CRC Reverse. 
The reason for providing two instructions is that CRC stan- 
dards do not specify which data bit is to be transmitted first, 
the LSB or the MSB, but they do specify which check bit must 
be transmitted first. Figure 11 illustrates the method used to 
generate these check bits for the CRC Forward function and 


Figure 12 illustrates method used for the 2CRC Reverse 
function. The ACC serves as a polynominal mask to define the 
generating polynomial while the RAM register holds the partial 
result and eventually the calculated check sum. The LINK-bit 
is used as the serial input. The serial input combines with the 
MSB of the check-sum register, according to the polynomial 
defined by the polynomial mask register. When the last input 
bit has been processed, the check-sum register contains the 
CRC check bits. The LINK, N and Z bits are affected and the 
OVR and C bits of the Status register are forced to ZERO. 


CYCLIC-REDUNDANCY-CHECK DEFINITIONS: 


15 14 13 12 


98 


5 4 


oncr [1 [ovea] 0170 | 0011 | RAM Adcross 


CRCR 


*This bit must be transmitted first. 


[4 [ued] 0110 | 1007 | Raw nacross | 


PF000330 


Figure 11. CRC Forward Function. 
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CRC INSTRUCTION 


CHECK SUM 
REGISTER 
(RAM) 


= BARREL SHIFTER WN = 15 


OU ' 


PF000320 


"This bit must be transmitted first. 


Figure 12. CRC Reverse Function. 


CYCLIC REDUNDANCY CHECK 


ination Bw | toed fe en ae nae 


ROO RAM Reg 00 
CRCF és en 
11111 R31 RAM mena SFr" aneee 31 


ee ee a Se eee 


ROO RAM Reg 00 
CRCR ee ee oeee 
41111 R31 RAM Reg 31 


Y BUS AND STATUS - CYCLIC REDUNDANCY CHECK 


|_instruction | Opcode GA ato LINK | OVR |N[C |Z | 
Yj-[(QLINK ® RAM45)-ACC]] 
CRCF ® RAM;-_4 for i= 15 to 1 RAM45* 
Yo {(QLINK ® RAM45):ACCo] @ 0 
Y;-[(QLINK ® RAMo)-ACC] 
CRCR ® RAM\+4 for i=14 to 0 NC NC NC 
Y15*[(QLINK ® RAMo)- ACC5] @ 0 


*QLINK is loaded with the shifted out bit from the checksum register. 


U = Update 

NC = No Change 

0 = Reset 

1 = Set 

i= 0 to 15 when not specified 
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STATUS INSTRUCTIONS 


Status Instructions - The Set Status Instruction contains a 
single indicator. This indicator specifies which bit or group of 


status register on CT output. See the discussion on the status 
register for a full description. 


bits, contained in the status register (Figure 13), are to be set 
(forced to a ONE). ; 


7 6 5 4 aes Se 
Fags [Fase [Fest [une [ova [To] 2. 


MPR-775 


T4 T3 T2 4 CT 
lg I3 I2 1 


Te |. fo | 0 |weom sz 


Figure 13. Status Byte. 


The Reset Status Instruction contains a single indicator. This 
indicator specifies which bit or group of bits, contained in the 
status register, are to be reset (forced to ZERO). 


The Store Status Instruction contains two indicators; byte/ 
word and a second indicator that specifies the destination of 
the status register. The Store Status Instruction allows the 
status of the processor to be saved and restored later, which 
is an especially useful function for interrupt handling. 


The status register is always stored in the lower byte of the 
RAM or the ACC register. Depending upon byte or word mode 
the upper byte is unchanged or loaded with all ZEROs 


respectively. 
\ 


The Load Status instructions are included in the single 


operand and two operand instruction types. STATUS 


18141312 98 54 


[vad] 1011 | 010 | opcode 


nsrst [0 [Guad] 1010] 1010] opcode | 


SVSTNR 


The Test Status Instructions contain a single indicator which 
specifies which one of the 12 possible test conditions are to 
be placed on the Conditional-Test output. Besides the eight 
bits in the Status register (QZ, QC, QN, QOVR, QLINK, 
QFlagi, QFlag 2, and QFlag3), four logical functions (QN © 
QOVR, (QN ®@ QOVR) + QZ, QZ + QC and LOW may also be 
selected. These functions are useful in testing results of Two's 
Complement and unsigned number arithmetic operations. The 
status register may also be tested via the bidirectional T bus. 
The code to test the status register via T bus is similar to the 
code used by instruction lines |; to l4 as shown below. 
instruction lines Io — 4 have priority over T bus for testing the 


STATUS INSTRUCTIONS 


SETST 


Destination 


Set OVR, N, C, Z 
Set LINK 
Set Flag1 
Set Flag2 
Set Flag3 


Reset OVR, N, C, Z 
Reset LINK _. 


Set Flag! 
Set Flag2 
Set Flag3 


pene anai tt | oe Nepean 


ae a fom ice 


RAM Reg 00 


00000 ROO 
SVSTR i" sh aie 
11111 R31 RAM Reg 31 
i Bes Oe w ae Be Le Destination 
00000 NRY Y Bus 


NRA 
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STATUS INSTRUCTIONS 


ete ek se ee 


st 
TEN * test status instruction has priority over Ty — 4 instruction. 


00000. Test (N®OVR) + Z 
Test N®OVR 
Test Z 
Test OVR 
Test LOW 
Test C 
Test Z+C 
Test N 
Test LINK 
Test Flag1 
Test Flag2 
Test Flag3 


Y BUS AND STATUS - FOR STATUS INSTRUCTIONS 


instruction | Opcode | Description [B/W] Y= Bus | Fiag | Fiag2 | Flagt [LINK oval NO [2 


SONCZ Set OVA, N, C, Z 


serst [SFI | Set Flag) 
[sro [Set Flag? 
[era | Set Fags —_— 
astst [Fi | Reset Flag) 
[Are | Reset Flag? | 
[Ara | Reset Fiagd 
a 
Test 
TF2 
TFS 


i=0 to 15 when not specified 


Yj-1 for i=0 to 15 


Yj-0 for i=0 to 15 


Yj~ Status for i-0 to 7; 
Yj-0 for i=8 to 15 


Tne [no [ne Pnoy}t [i titq 
Tne [Nc _| NC [1 _[ NC [NC[NG [NG 
Tne [no] +] no [ne [nc NC] NG 
P ne [4] no _|-ne | no [no] NG]NG | 
[+ [-ne [No [-No_[-NC [NC [NC [NC 
Tne [nc [ne [Nc] ofofolo 
Cnc [no] _nc_|_0 | No [NC] NCTC | 
Tne No] 0 | _NC_[ NC [NC [NC [NC 
neo | no] no | no [no[ NC]NC] 
[0 [Nc _|_NC_ [NC NC [NC [NC [NC 


*in byte mode only the lower byte from the Y bus is loaded into the RAM or ACC and in word mode all 16-bits from the Y bus are loaded into 


the RAM or ACC. 
**Y-Bus is Undefined. 
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NO-OP INSTRUCTION 


The NO-OP Instruction has a fixed 16-bit code. This instruction NO OPERATION FIELD DEFINITION 
does not change any internal registers in the Am29116. It 


preserves the status register, RAM — and the ACC 15 14 13 12 98 5 4 0 


—_ woop [oO] 11 [ tooo | voi | coo00 


NO-OP INSTRUCTION 


Y BUS AND STATUS - NO-OP INSTRUCTION 


instruction | Opeode | B/W | Y- Bus | Flags | Fleg2|Flagt| LINK | OVR| N | C | Z 
Lowe ose ise ne [ne ne ne [ne | ne Nc 


SRC = Source 

U = Update 

NC = No Change 

0 = Reset 

1 = Set 

i=0 to 15 when not specified 
*Y-Bus is undefined. 
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Instruction Type 


SOR 
SONR 
TOR1 
TOR2 
TONR 
SHFTR 
SHFTNR 
ROTR1 
ROTR2 
ROTNR 
BOR1 
BOR2 
BONR 
ROTM 
ROTC 
PRT1 
PRT2 
PRT3 
PRTNR 
CRCF 
CRCR 
NOOP 
SETST 
RSTST 
SVSTR 
SVSTNR 
TEST 


SOURCE AND DESTINATION 
Single Operand 


SORA 
SORY 
SORS 
SOAR 
SODR 
SOIR 
SOZR 
SOZER 
SOSER 
SORR 
SOA 
SOD 
SOl 
SOZ 
SOZE 
SOSE 
NRY 
NRA 
NRS 
NRAS 


SUMMARY OF MNEMONICS 


Two Operand 


Cyclic Redundancy Check Reverse 
No Operation 
Set Status 


RTRA 
Reset Status RTRY 
Save Status RAM RTRR 
Save Status Non-RAM RTAR 
Test Status RTDR 
RTDY 
RTDA 
RTAY 
Single Operand RAM to ACC RTAA 
Single Operand RAM to Y Bus 
Single Operand RAM to Status Rotate and 
Single Operand ACC to RAM MDAI 
Single Operand D to RAM 
Single Operand | to RAM MDAR 
Single Operand 0 to RAM 
Single Operand D(OE) to RAM MDRI 
Single Operand D(SE) to RAM | 
Single Operand RAM to RAM MDRA 
Single Operand ACC 
Single Operand D MARI 
Single Operand | 
Single Operand 0 MRAI 


Single Operand D(OE) 
Single Operand D(SE) 
Non-RAM Y Bus 
Non-RAM ACC 
Non-RAM Status 
Non-RAM ACC, Status 


CDAI 


Rotate n Bits 


SL L6cwy 


Single Operand RAM TORAA Two Operand RAM, ACC to ACC 
Single Operand Non-RAM TORIA = Two Operand RAM, | to ACC 
Two Operand RAM (Quad 0) TODRA Two Operand D, RAM to ACC 
Two Operand RAM (Quad 2) TORAY Two Operand RAM, ACC to Y Bus 
Two Operand Non-RAM TORIY Two Operand RAM, | to Y Bus 
Single Bit Shift RAM TODRY Two Operand D, RAM to Y Bus 
Single Bit Shift Non-RAM TORAR Two Operand RAM, ACC to RAM 
Rotate n Bits RAM (Quad 0) TORIR Two Operand RAM, | to RAM 
Rotate n Bits RAM (Quad 1) TODRR = Two Operand D, RAM to RAM 
Rotate n Bits Non-RAM TODAR Two Operand D, ACC to RAM 
Bit Oriented RAM (Quad 3) TOAIR Two Operand ACC, | to RAM 
Bit Oriented RAM (Quad 2) TODIR Two Operand D, | to RAM 
Bit Oriented Non-RAM TODA —_ Two Operand D, ACC 
Rotate and Merge TOAI Two Operand ACC, | 
Rotate and Compare TODI Two Operand D, | 
Prioritize RAM; Type 1 Single Bit Shitt 
Prioritize RAM; Type 2 
Prioritize RAM; Type 3 SHRR Shift RAM, Store in RAM 
Prioritize Non-RAM SHDR Shift D, Store in RAM 
Cyclic Redundancy Check Forward SHA Shift ACC 

SHD Shift D 


Rotate RAM, Store in ACC 
Rotate RAM, Place on Y Bus 
Rotate RAM, Store in RAM 
Rotate ACC, Store in RAM 
Rotate D, Store in RAM 
Rotate D, Place on Y Bus 
Rotate D, Store in ACC 
Rotate ACC, Place on Y Bus 
Rotate ACC, Store in ACC 


Merge 


Merge Disjoint Bits of D and ACC Using 
| as Mask and Store in ACC 


Merge Disjoint Bits of D and ACC Using 
RAM as Mask and Store in ACC 


Merge Disjoint Bits of D and RAM Using 
| as Mask and Store in RAM 


Merge Disjoint Bits of D and RAM Using 
ACC as Mask and Store in RAM 


Merge Disjoint Bits of ACC and RAM 
Using | as Mask and Store in RAM 


Merge Disjoint Bits of RAM and ACC 
Using | as Mask and Store in ACC 


Rotate and Compare 


Compare Unmasked Bits of D and ACC 
Using | as Mask 


Mnemonics copyright © 1980 
Advanced Micro Devices, Inc. 


6-43 


02112C 
Refer to Page 13-1 for Essential information on Military Devices 


Am29116 


CDRI 


CDRA 


CRAI 


Prioritize 
PRIA 


PR1Y 
PRiIR 
PRT1A 
PR1D 
PR2A 
PR2Y 
PR3R 
PR3A 
PR3D 
PRTA 


PRTD 
PRA 


PRZ 


PRI 


OPCODE 
Addition 


ADD 
ADDC 
A2NA 
A2NR 
A2NDY 


Subtraction 


SUBR 
SUBRC 
SUBS 
SUBSC 
S2NR 
S2NA 
S2NDY 


Compare Unmasked Bits of D and RAM 
Using | as Mask 


Compare Unmasked Bits of D and RAM 
Using ACC as Mask 


Compare Unmasked Bits of RAM and ACC 
Using | as Mask 


ACC as Destination for Prioritize Type 1 
Y Bus as Destination for Prioritize Type 1 
RAM as Destination for Prioritize Type 1 
ACC as Source for Prioritize Type 1 

D as Source for Prioritize Type 1 

ACC as Destination for Prioritize Type 2 
Y Bus as Destination for Prioritize Type 2 
RAM as Source for Prioritize Type 3 
ACC as Source for Prioritize Type 3 

D as Source for Prioritize Type 3 


ACC as source for Prioritize Type 
Non-RAM 


D as Source for Prioritize Type Non-RAM 


ACC as Mask for Prioritize Type 2, 3, 
and Non-RAM 

Mask Equal to Zero for Prioritize Type 
2, 3, and Non-RAM 


| as Mask for Prioritize Type 2, 3, and 
Non-RAM 


Add without Carry 

Add with Carry 

Add 2" to ACC 

Add 2" to RAM 

Add 2" to D, Place on Y Bus 


Subtract R from S without Carry 
Subtract R from S with Carry 
Subtract S from R without Carry 
Subtract S from R with Carry 
Subtract 2" from RAM 

Subtract 2" from ACC | 
Subtract 2" from D, Place on Y Bus 


Logical Operations 


AND 
NAND 
EXOR 
NOR 
OR 
EXNOR 


SHIFTS 
SHUPZ 
SHUP1 
SHUPL 


Boolean AND 
Boolean NAND 
Boolean EXOR 
Boolean NOR 
Boolean OR 
Boolean EXNOR 


Shift Up Towards MSB with 0 Insert 
Shift Up Towards MSB with 1 Insert 
Shift Up Towards MSB with LINK Insert 


SHDNZ 
SHDN1 
SHDNL 
SHDNC 
SHDNOV 


Loads 


LD2NR 
LDC2NR 
LD2NA 
LDC2NA 
LD2NY 
LDC2NY 


Shift Down Towards LSB with 0 Insert 
Shift Down Towards LSB with 1 Insert 
Shift Down Towards LSB with LINK Insert 
Shift Down Towards LSB with Carry Insert 


Shift Down Towards LSB with Sign EXOR 
Overflow Insert 


Load 2" into RAM 
Load 2" into RAM 
Load 2" into ACC 
Load 2" into ACC 
Place 2" on Y Bus 
Place 2" on Y Bus 


Bit Oriented 


SETNR 
SETNA 
SETND 
SONCZ 
SL 
SF1 
SF2 
SF3 
RSTNR 
RSTNA 
RSTND 
RONCZ 
RL 
RF1 
RF2 
RF3 
TSTNR 
TSTNA 
TSTND 


Set RAM, Bit n 

Set ACC, Bit n 

Set D, Bit n 

Set OVR, N, C, Z, in Status Register 
Set LINK Bit in Status Register 

Set Flag1 Bit in Status Register 

Set Flag2 Bit in Status Register 

Set Flag3 Bit in Status Register 
Reset RAM, Bit n 

Reset ACC, Bit n 

Reset D, Bit n 

Reset OVR, N, C, Z, in Status Register 
Reset LINK Bit in Status Register 
Reset Flagi Bit in Status Register 
Reset Flag2 Bit in Status Register 
Reset Flag3 Bit in Status Register 
Test RAM, Bit n 

Test ACC, Bit n 

Test D, Bit n 


Arithmetic Operations 


MOVE 
COMP 
INC 
NEG 


Move and Update Status 
Complement (1's Complement) 
increment 

Two's Complement 


Conditional Test 


TNOZ 
TNO 
TZ 
TOVR 
TLOW 
TC 
TZC 
TN 
TL 
TF1 
TF2 
TF3 


Test (N ® OVR) + Z 
Test N ® OVR 
Test Zero Bit 
Test Overflow Bit 
Test for LOW 
Test Carry Bit 
TestZ + C 
Test Negative Bit 
Test LINK Bit 
Test Flag1 Bit 
Test Flag2 Bit 
Test Flag3 Bit 
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ABSOLUTE MAXIMUM RATINGS — OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
(Case) Temperature Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential -0.5V to +7.0V Supply Voltage 
DC Voltage Applied to Outputs For Sad 
: Military (M) Devices 
High Output State -0.5V to +Vcoc max Temperature ~55°C to +125°C 


DC Input Voltage -0.5V to +5.5V Supply Voltage +4.5V to +5.5V 
a haat Caters. Into Outputs Operating ranges define those limits over which the function- 
ality of the device is guaranteed. | 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


9LLécwy 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) man | Bi 1) max | unite 
Output HIGH Voltage Vcc = MIN Be == 1.6mA/—1.2mA Volt 
9 Vin = Vin oF Vib or Com L/MIL) ea 


lo, = 16mA/12mA 
(COM'L/MIL) 


“ | Yo-15 
Out LOW Voltage | Vin Vl or Mi 
V Guaranteed Input Logical 
IH HIGH Voltage (Note 6) 
Guaranteed Input Logical 
LOW Voltage (Note 6) 


oe input Clamp Voltage | =- 


lik Input LOW Current 


(Note 4) 


VIN = 2.4 Volts 
(Note 4) 


Voc = MAX 

Off State (HIGH Impedance) CC = MAX 

Output Current vo = 2.4 Volts (Note 4) Yo 

Off State (HIGH Impedance) CC = MAX 

Oz Output Current ved =0.5 Volts (Note 4) ue 5 

Voom MAX + Os Volts 
[tos __| Oe snot crt Curent _| YEG Vote Note 9) i ed a 
TaL = 0 to 70°C 

L (Note 7) 


—— 


To =-55 to 125°C 
(Note 7) 


To = 125°C Gaeae Sager 2 
. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 


. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Yo-15, 11-4 are three-state outputs internally connected to TTL inputs. input characteristics are measured under conditions such 
that the outputs are in the OFF state. 


. Worst case icc is at minimum temperature. 
. These input levels provide zero noise immunity and should be tested only in a static, noise-free environment. 
. Cold start. 
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Am29116 


SWITCHING CHARACTERISTICS 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(Ta =0 to+ 70°C, Voc = 4.75 to 5.25V, Cy. = 50pF) 


A. Combinational Delays (nsec) B. Enable/Disabie Times (nsec) 
(C. = 5pF for disable only) 


| 


| ey | Yo | me eT ee 
7 Cer | Tice a 


ee 
Co See ee 
ees ee 
[__To-s50NeTR) | 70 | & | «| 
Ts _| 


*Yo-15 must be stored in the Data Latch and is source disabled 
before the delay to Yo_15 as an output can be measured. 
**Guaranteed indirectly by other tests. 


Low-to-High 
Transition 


4 
Fs 


lo-4 (RAM ADDR) 


lo-4 (RAM ADDR) 


os Ona i. as ee eh a 
es i 2a ae ee ee 
(es ON A EN A, WY ee” SR 


ae wore] lew are 


iM Peeee 6. Se 
ae ee ee ee 
yo ot ee | ee ome ee 
ee ae | oe ee 


tTiming for immediate instruction for first cycle. 
tt Status register and accumulator destination only. 


Notes on Testing cable may allow may allow the ground pin at the device to 
: rise by 100s of millivolts momentarily. 
Incoming test procedures on this device should be carefull ; SESE | 
planned, taking into account the high complexity and power . Use extreme care in defining input levels for AC tests. Many 
levels of the part. The following notes may be useful: inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vj, 
1. Insure the part is adequately decoupled at the test head. or Viq until the noise has settled. AMD recommends using 
Large changes in Vcc current as the device switches may Vi_ SOV and Vi 2 3.0V for AC tests. 


cause erroneous function failure due to Vcc changes. RSE ee 
. To simplify failure analysis, programs should be designed to 


2. Do not leave inputs floating during any tests, as they may perform DC, Function, and AC tests as three distinct groups 
start to oscillate at high frequency. of tests. 


3. Do not attempt to perform threshold tests at high speed. . To assist in testing, AMD offers complete documentation on 
Following an input transition, ground current may change by our test procedures and, in most cases, can provide 
as much as 400 mA in 5—8ns. Inductance in the ground Fairchild Sentry programs, under license. 
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SWITCHING CHARACTERISTICS (Cont.) 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Tc =-55 to+ 125°C, Voc = 4.5 to 5.5V, CL = 50pF) 


B. Enable/Disable Times (nsec) 
A. Combinational Delays (nsec) (CL = 5pF for disable only) 


Tice ons] 100 


*Yo-15 must be stored in the Data Latch and its sourc 
before the delay to Yo_45 as an output can be measu 
**Guaranteed indirectly by other tests. 


and Hold Times (nsec) 


High-to-Low 
Transition 
Set-up 


earn | BES =a, 


CL NTS WIS RS Ys A 
[OSS i. Ra a ae Ee a ee es 
ee ae | et Oe 


ee ee ee 


Low-to-High 
Transition 
Set-up 


Hold Hold 


So ae ae 
Po ee 
eee ae ee oe es 
ee ee ee ee 


tTiming for immediate instruction for first cycle. 
tt Status register and accumulator destination only. 


02112C 


6-47 Refer to Page 13-1 for Essential information on Military Devices 


> 
3 
x) 
© 
son 
on 
@ 


Am29116 


Am29116 
SINGLE ADDRESS ACCESS TIMING 


KKK KKK YK KKK KKK 00 
rr rrirren Moen, XY 


0 
rarerarrattalaatalatela slatetae’ ‘ Peed ome x 
( 


e 
YAYAYAYATAY, VaVaVaVaValatat, Va aVataVaVatatavatavatatal, 
Ay Worararararetatalel tetarararetetterarererare 


XXX} XXX KKK XK XXKK KKK 
7) 
MYRLKXXLEKKXKXXEKKXK 


ioe TK 
KOO 9,9,9,9,0,0,0, 0.9.0.0.6.6. 


TREAT 
4.0.4 APRA 


* a ¢ c) CX XX / "4 y, \A/ XX XKKXKKK KK) OX XXXXXXXXXKK XX) 
MN lllitene KKK KRY 


\ \DXOXXX XXX KK XK KKK) 
NWN) RK KK KK KKK 


¥ KOXKXAAAAA IAA? a OO AAA 
(PT) XKXXY NXXXXXXXRXAXXAXAXAXRKEX 


eae Se tei3 this 


WF002560 


If thg is satisfied, thyg need not be satisfied. 


DOUBLE ADDRESS ACCESS TIMING 


XXX EEO SS OE: XXX ‘x V/\/ XX XXX 
XXXKXEKXE RAK ‘ OX 


.\ 


WN 


! 


" KX V/V XX 
XXX 


1X ¥) \/ EY \/ XY 
KY 


y, XXX 7, YYXX XXX KX XXX XX y, YYYX y "AVAYAVAVAVAVAVAY, "4" VAA/ ro VVV XXX VV 
FR KARR) KKK 
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IMMEDIATE INSTRUCTION CYCLE TIMING 


7 18T CVE ere 2ND CYCLE Biflin me aered 
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gape tert op 
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3 captures \YXXXXXXXXVW EXECUTES 
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lo-15 = INSTRUCTIONS lo_15 = DATA 
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Am29116A/29L116A 


Am29116A/29L116A 


A High-Performance 16-Bit Bipolar Microprocessor 


ADVANCED INFORMATION 


@ Second Generation of the Am29116 16-Bit 
Microprocessor 
Internal ECL circuitry and second generation of lon 
implanted Oxide-Isolated (IMOX™) process technol- 
ogy are combined to provide a faster version of the 
Am29116 and a lower power version of the 29116 
® Plug-in Replacement for the Am29116 
The Am29116A and Am29L116A are pin-for-pin re- 
placements for the Am29116 


The Am29116A/L116A microprogrammable 16-bit bipolar 
microprocessors were fabricated using the second genera- 
tion of AMD's IMOX process technology. The architectures 
of the Am29116A/L116A are identical to the Am29116's, 
optimized for high-performance peripheral controllers such 


IMOX is trademark of Advanced Micro Devices, Inc. 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


@ Improved Speed 
The 29116A has 25 - 30% speed improvement on 
the critical paths relative to Am29116 

@ Reduced Power 
The 29L116A operates at reduced power require- 
ments and compatible performace relative to the 
29L116 


as graphics controllers, disk controllers, communication 
controllers, front-end concentrators and modems. The 
Am29116A is also extremely suitable for high-speed, gen- 
eral-purpose 16-bit plications when combined with 
the Am29517/ 


BD001951 


05761A 
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Am29117 


A High-Performance 16-Bit Bipolar Microprocessor 


ZLLécwy 


ADVANCED INFORMATION 
DISTINCTIVE CHARACTERISTICS | 


Optimized for High-Performance Controllers @ Fast 

Architecture and instruction set optimized for high- Supports 100ns microcycle time/10MHz data rate 
performance, intelligent controllers for all instructions 

Flow-Through Architecture ® 16-Bit Barrel Shifter : 
Separate input and output ports avoid bus turn- Contains a 16-bit Barrel Shifter which can shift o 
around for higher throughput rotate a word up to 15 positions in a single instruc- 
32 Working Registers tion cycle 

Contains 32 working registers with latched outputs © 68-Pin Pin Grid Array Package 


GENERAL DESCRIPTION 


The Am29117 is a microprogrammable 16-bit bipolar micro- able for microprogrammed processor applications when 
processor whose architecture and instruction set are identi- combined with the Am29517A 16x16 multiplier. 

cal to the Am29116's except for the I/O bus structure. 

Since the device has separate input and output ports, The instruction set contains unique functions besides 
designers can avoid quick bus turnaround requirements. ordinary logic and ic functions: bit manipulation 
instructions est), rotate merge/compare 


The architecture and instruction set are not only optimized 
for high-performance peripheral controllers, but also suit- 


BD001971 


05188B 
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Am29118 


Am29118 


Eight-Bit Am29116 I/O Support 


DISTINCTIVE CHARACTERISTICS 


Eight-bit bidirectional |/O port 

Reads both registers on A-port 

Separate clock, clock enable and three-state output 
enable to synchronize data between two bidirectional 
buses 


@ 24mA output current sink capability 

@ 24-pin slim package 

@ Additional accumulator to support certain Am29116 
applications. 


GENERAL DESCRIPTION 


The Am29118 is an eight-bit wide bidirectional parallel data 
input/output port designed to provide an additional accu- 
mulator when used with the Am29116 or with any micropro- 
cessor with single bidirectional data port. In addition, it can 


be used as a parallel data input/output port, like the 
Am2952. The Am29118 is a metal mask option of the 
Am2952A, and so requires no additional pins to support the 
Am29116 input/output structure. 


BLOCK DIAGRAM 


BD002182 


Figure 1 


RELATED PRODUCTS 


Description 


Am29116 


High Performance 16-Bit Bipolar 
Microprocessor 


Am2910A_ | Microprogram Controller 


Am2914 


Vectored Priority Interrupt Controller 


System Clock Generator and Driver 
Am2950-3 | 8-Bit Bidirectional |/O Ports 


High Performance Bus Interface 


6-52 


05182B 
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CONNECTION DIAGRAM 
Top View 


D-24-1 


CD004340 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


Am29118 


TEKS PEPE 
a 


LS000930 DIE SIZE 0.148" x 0.110 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed.by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


DC, DCB, DMB | . 
Am29118 XC, XM 


Am29118 D Cc B 
L_ Screening Option 
Blank — Standard processing 
B -— 96 hour Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 
D- 24-pin CERDIP 
X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
8-Bit Am29116 !1/O Support combination you wish. 
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Am29118 


PIN DESCRIPTION 


|_Pin No. [Name _| 1/0 | Description | 
ee eee Eight bidirectional lines carrying the R Register inputs or outputs or S Register outputs. 
| —ss«{BO-7,——s«|_ S| Eight bidirectional lines carrying the S Register inputs or R Resister outputs. 


CPR The clock for the R Register. When CER is LOW and OEAS is HIGH data is entered into the R Register on the LOW- 
to-HIGH transition of the CPR signal. 


The Clock Enable for the R Register. When CER is LOW and OEAS is HIGH data is entered into the R Register on the 
LOW-to-HIGH transition of the CPR signal. When CER is HIGH, the R Register holds its contents, regardless of CPR 
signal transitions. 


The Output Enable for the R Register. When OEBR is LOW, the R Register three-state outputs are enabled onto the 
BO-7 lines. When OEBR is HIGH, the R Register outputs are in the high-impedance state. 


. The clock for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH transition of 
the CPS signal. 


The clock enable for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH 
transition of the CPS signal. When CES is HIGH, the S Register holds its contents, regardless of CPS signal 
transitions. 


The output enable for the S Register. When OEAS is LOW, the R or S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register outputs are in the high-impedance state. 


DETAILED DESCRIPTION Enable (Eas and OEgr). The clock enable signal for the R- 
ale ete Register (CER) and the Output Enable Signal for the S-* 
The Am29118 has two eight-bit wide registers (R-Register and Register (OE AS) are encoded to make the R-Register an 


S-Register) connected back to back for moving data in both = accumulator, in addition to all the Am2952 functions as shown 
directions between two buses. The R-Register serves the dual in Table 1. Recause of this encoding, transferring data from 
purpose of transmitting data from one bus (device's internal the S-Register to the R-Register is not permissible. 

bus) to another (system bus), and serving as an additional TABLE 1. 


accumulator for the Am29116. 


Toes | Cen | Punetn 
[|W | Reads, Disable OP 
Ca] st tol bie CP | 
a 


The accumulator function is implemented by allowing the A- 
port to provide read and write data from the R-Register and 
read data from the S-Register; the B-port provides read data 
for the R-Register and write data for the S-Register (similar to 
the Am2952). This additional function in the Am29118 is 
implemented with a two-input multiplexer, as shown in Figure 
1. Each register has an individual clock (CPR and CPs), a 
Clock Enable, (CER and CEs), and a three-state Output 
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APPLICATIONS 


In the Am29116 system, there is only one I/O port available 
for data communication with the ALU. In such a system; the 
Am29118 acts as an additional accumulator (temporary stor- 
age) to increase performance, and also provides capability of 
a bidirectional 1/O port (like the Am2952). 


Figure 2 shows the connections necessary for the Am29118 
to be used as an accumulator as well as a bidirectional I/O 
port. The A-port is connected to the Y-bus (internal bus) of the 
Am29116, and B-port is connected to the system data bus. 
Four microcode are used for source and destination control for 
the Y-bus and the system data bus. Figure 3.shows the timing 
waveforms to modify an accumulator (R-Register) in two 
microcycles. During the first cycle, data is read from the R- 
Register, modified in the Am29116 and stored in one of the 
internal registers. A two-address architecture is required if the 
second operand to modify the R-Register is in one of the RAM 
registers, and the result has to be stored in another RAM 
register. For stable operation, data from the R-Register is 
latched in the D-Latch halfway through the clock during the 


Figure 2. System Configuration. 


first cycle. The instruction is executed and the result stored 
into a scratchpad register. In the second cycle, data is moved 
from the internal result register to the R-Register of the 
Am29118. 


Figure 4 shows the timing waveforms to modify an accumula- 
tor (R-Register) in a single microcycle. In the first half of the 
cycle the source register is enabled on the Y-bus into the D- 
Latch of the Am29116. The D-Latch is transparent during the 
first half of the cycle. In the second half of the cycle, data is 
latched in the D-Latch and the bus source is disabled. During 
the second half of the cycle, the output buffer of the Am29116 


is enabled to bring the result on the Y-bus to be loaded into 


the destination. These two techniques provide different advan- 
tages and disadvantages to modify the external accumulator 
using the Am29116. The first technique (Figure 3) takes two 
microcycles but allows a shorter microcycle time. The second 
technique (Figure 4) takes only one microcycle but needs a 
longer microcycle time. 


There is also a requirement for the system bus to transfer data 
as input to the Am29116. The S-Register is used in this case 
to receive data from the system bus (like the Am2952). 
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WF002622 
Figure 3. Timing Waveforms for Modifying R-Register in Two Microcycles using the Am29116. 
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Figure 4. Timing Waveforms for Modifying R-Register using the Am29116. 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential Supply Voltage 
Continuous -0.5V to +7.0V me ; 
DC Voltage Applied to Outputs For wiery ear enon é i 
High Output State -0.5V to +Voco max Tenearene? oe ee 
: Supply Voltage +4.5V to +5.5V 


pa nput, Vellegs Pahari see Operating ranges define those limits over which the function- 


DC Output Current, into Outputs ; reef 
DC Input Current ality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 1) an aig 2) wax | Unite 
Voc = MIN MIL, lon=-2mA | 24 | 34 | 
VoH Output HIGH Voltage Vin = Vin oF Vit Ao.7, Bo.7 COM'L, Io, = -6.5mA gr Sai wy eee Volts 
V Output LOW Voltage Voc = MIN Ao.7, B CS ee Ee ee Volts 
i “i Vin Vin or Viz 0% PO? [COM'L, lor=24mA_ | TL 


Vix Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
ViL Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
input Clamp Voltage Voc = MIN, lin = -18mA 
input LOW Current Voc = MAX, Vin = 0.5V 
Input HIGH Current Voc = MAX, Vin=2.7V 
P| Input HIGH Current Voo= MAX, Vin=5.8V Sot ie ee 
Output Of-state a ke a ee Be sR BI 
Leakage Current oo ue aoe a ES, ca ee 
Output Short Circuit Current | Voc = MAX 
(Note 3) 
eae i eS ae 
oa ae RS eas 22, 
COM'L 3 
loc Power Supply Current Voc = MAX Ta=_+70°C Pah Say Seis B28 | ma 
(Notes 4, 5) To=-s5 to +125°o | | —~*«t 908 
te To= +125°C ition? sles Re 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the 
applicable device type. 

. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed 
one second. : 

4. Icc is measured with all inputs at 4.5V and all outputs open. 

5. Worst case Icc is at minimum temperature. 


Qh 
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Am29118 _ 


SWITCHING CHARACTERISTICS 
PRELIMINARY 


The tables below define the Am29118 switching characteristics. Tables A are setup and hold times relative to a clock LOW-to-HIGH 
transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable times. All 
measurements are made at 1.5V with input levels at 0 or 3V. All values are in ns with Ry on Aj and B; = 220Q and R, on FS and 
FR = 30022. C= 50pF except output disable times which are specified at Ci = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(Ta = 0 to + 70°C, Voc = 4.75 to 5.25V, Cy. = 50pF) 


A. Setup and Hold Times “e B. Propagation Delays 


With 
Respect to 


CST ener Spee BS Beene Mi ae Oe 
(ee Gand ae eae 
io SEES GRC SE Ee a Ged Se ae 
os Had aa | ASS SE SE ee Be aes 


C. Pulse-Width Requirements D. Enable/Disable Times 


Min LOW Min HIGH © oer ci ae Disable 
Pulse Width Pulse Width 


ORs OG AG-7 dene re dele? | 
ee ee eee ee ee 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(To =-55 to +125°C, Voc = 4.5. to, 5.5V,, CL = 50pF) 


A. Setup and Hold Times B. Propagation Delays 


D. Enable/Disable Times 


[From [to | Disable | Enable 
cea id oo Mitvon funds encodes a on 
5a eae ae a 


Notes on Testing 


Incoming test procedures on this device should be carefully 4. Use extreme care in defining input levels for AC tests. Many 
planned, taking into account the high complexity and power inputs may be changed at once, so there will be significant 
levels of the part. The following notes may be useful: noise at the device pins and they may not actually reach Vj, 
or Vi until the noise has settled. AMD recommends ae 
VitSOV and Viy23.0V for AC tests. 


1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 


5. To simplify failure analysis, programs should be designed to 


2. Do not leave inputs floating during any tests, as they may perform DC, Function, and AC tests as three distinct groups 
start to oscillate at high frequency. of tests. 


3.Do not attempt to perform threshold tests at high speed. 

Following an input transition, ground current may change by 6. To assist in testing, AMD offers complete documentation on 
as much as 400mA in 5-8ns. Inductance in the ground our test procedures and, in most cases, can provide 
cable may allow the ground pin at the device to rise by 100s Fairchild Sentry programs under license. 

of millivolts momentarily. 
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Am29PL141 


Fuse Programmable Controller (FPC) 


ADVANCED 


INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Implements complex fuse programmable state ma- 
chines 

64 words of 32-bit-wide microprogram memory 

Serial Shadow Register (SSR M) diagnostics on chip 
(programmable option) 

20MHz clock rate, 28 pin DIP 


GENERAL 


The Am29PL141 is a single-chip Fuse Programmable 
Controller (FPC) which allows implementation of complex 
state machines and controllers by programming the appro- 
priate sequence of microinstructions. A repertoire of jumps, 
loops, and subroutine calls, which can be conditionally 
executed based on the test inputs, provides the designer 
with powerful control flow primitives. 


The Am29PL141 FPC also allows distribution of intelligent 
control throughout the system. It off-loads the central 
controller by distributing FPCs as the control for various 


SSR is a trademark of Advanced Micro Devices, inc. 


@ 29 high-level microinstructions 
- Conditional branching 
~ Conditional looping 
- Conditional subroutine call 
- Multiway branch 
@ 16 outputs, 7 conditional inputs 


DESCRIPTION 


self-contained functional units, such as register file/ALU, 
1/O, interrupt, diagnostic, and bus control units. 


A microprogram address sequencer is the heart of the FPC. 
It provides the microprogram address to an internal 64- 
word by 32-bit PROM. The fuse programming algorithm is 
almost identical to th sed for AMD's Programmable 
Array Logic famil 


41 may be programmed to have 
ability. Micrgimstructions can 
ted, andthe reguits shifted out 
W diagnostics —S 


As an optionsithe 
on chip § i 
to facilitate’ 


BDRO2340 


Figure 1. 
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Am29PL141 


CONNECTION DIAGRAM 
Top View 
D-28-1 


CDR04480 
Note: Pin 1 is marked for orientation 


Figure 2. 
PIN DESCRIPTION 


in No. Nemec UO | Repeipien iE is aay cuca ot ae OT prints yo olga | 


CC[SDI] Condition code test input. When the TEST (P[24:22)) field of the executing microinstruction is set to 6 (binary 110), CC 
is selected to be the conditional input. (Note: In the SSR diagnostic configuration, CC is also the Serial Data Input 
SDI.) 
CLK 


i ee Clock. The rising edge clocks the microprogram counter, count register, subroutine register, pipeline register, and EQ 
fl 
Upper eight, general-purpose microprogram control outputs. They are enabled by the OE signal from the 
microprogram pipeline register. When OE is High, P[15:8] are enabled, and when LOW, P[15:8] are three-stated. 


P[7:0]} Lower eight, general-purpose microprogram control outputs. They are permanently enabled. (Note: in the SSR 
[DCLK, diagnostic configuration, P[7] becomes the diagnostic clock input DCLK and P[6] becomes the diagnostic control 
input MODE.) 


Synchronous reset input. When it is Low, the output of the PC MUX is forced to the uppermost microprogram address 
(63). On the next rising clock edge, this address (63) is loaded into the microprogram counter; the microinstruction at 
location 63 is loaded into the pipeline register and the EQ flag is cleared. 

T[5:0] Test inputs. In conditional microinstructions, the inputs can be used as individual condition codes selected by the 
TEST field in the pipeline register. The T[5:0] inputs can also be used as a branch address when performing a 
microprogram branch, or as a count value. 


ZERO Zero output. A Low state indicates that the CREG value is zero. (Note: In the SSR diagnostic configuration, ZERO 
[SDO] becomes the Serial Data Output SDO. This change is only on the output pin; internally, the zero detect function is 
unchanged. 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 
“Am29PL141 Cc 


B 
L— Screening Option Am29PL141 DC, DMB 
Blank - Standard processing XC, XM 


B — 96 Hour Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 


~ eae ds Valid Combinations 


Consult the AMD sales office in your area to 


Device Type determine if a device is currently available in the 
Fuse Programmable Controller combination you wish. 


04179B 
6-60 Refer to Page 13-1 for Essential Information on Military Devices 


DETAILED DESCRIPTION 


Figure 3, the block diagram of the Am29PL141 FPC, shows 
logic blocks and interconnecting buses. These allow parallel 
performance of different operations in a single microinstruc- 
tion. The FPC consists of four main logic blocks: the micropro- 
gram memory, microaddress control logic, condition code 
selection logic, and microinstruction decode. A fifth optional 
block is the Serial Shadow Register (SSR). 


The microprogram memory contains the user-defined instruc- 
tion flow and output sequence. The microaddress control logic 
addresses the microprogram memory. This control logic 
supports high-level microinstruction functions including condi- 
tional branches, subroutine calls and returns, loops, and 
multiway branches. The condition code selection logic selects 
the condition code input to be tested when a conditional 
microinstruction is executed. The polarity of the selected 
condition code input is controlled by the POL bit in the 
microword. The microinstruction decode generates the control 
signals necessary to perform the microinstruction specified by 


*Note: These pins available only in SSR mode. 
**Note: These pins available only in normal mode. 


Figure 3. Am29PL141 Block Diagram. 


the microinstruction part (P[31 : 16]) of the microword. The 
SSR enables in-system testing that allows isolation of prob- 
lems down to the IC level.” 


MICROPROGRAM MEMORY 


The FPC microprogram memory is a 64-word by 32-bit PROM 
with a 32-bit pipeline register at its output. The upper 16 bits 
(P[31 : 16]) of the pipeline register stay internal to the FPC and 
form the microinstruction to control address sequencing. The 
format for microinstructions is: a one-bit synchronous Output 
Enable OE, a five-bit OPCODE, a one-bit test polarity select 
POL, a three-bit TEST condition select field, and a six-bit 
immediate DATA field. The DATA field is used to provide 
branch addresses, test input masks, and counter values. 


The lower 16 bits (P[15 : 0]) of the pipeline register are brought 
out as user-defined, general purpose control outputs. The 
upper eight control outputs (P[15 : 8]) are three-stated when 
OE is programmed as a LOW. The lower eight control bits (P[7 
: 0]) are always enabled. The microword and general microin- 
struction format are shown in Figure 4. 


P( 15: 8) 


P(7:6}° 


P(5: 0} 
OUTPUTS 


BDR02330 
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_ The general microinstruction format is shown below: 


Am29PL141 General Microinstruction Format 


31 30 26 25 ea 22 21 16 


=] Pome] [= jm] fom 


DFROO730 
WHERE: 


OE Synchronous Output Enable for P[15:8]. 
OPCODE A five-bit opcode field for selecting one of the twenty-eight single data field microinstructions. 
POL A one-bit test condition polarity select. 

0 = Test for true (HIGH) condition. 

1 = Test for false (LOW) condition. 


A three-bit test condition select. 
TEST[2:0] UNDER TEST 


T(0] 
T{1] 
T(2] 
T{3] 
T{4] 
T{5] 
CC 
EQ 


= A six-bit conditional branch microaddress, test input mask, or counter value field designated as 
Pl in microinstruction mnemonics. 


The special two data field comparison microinstruction format is shown below: 


Am29PL141 Comparison Microinstruction Format 


31 30 28 27 22 21 16 


DFROO740 


WHERE: 


OE Synchronous Output Enable for P[15:8]. 

OPCODE Compare microinstruction (binary 100). 

CONSTANT A six-bit constant for equal to comparison with T*M. 
DATA A six-bit mask field for masking the incoming T[5:0] inputs. 


Figure 4. 
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MICROADDRESS CONTROL LOGIC 


The microaddress control logic consists of five smaller logic 
blocks. These are: 


PC MUX — The microprogram counter multiplexer 


P CNTR —-Microprogram counter (PC). and incrementer 


(PC + 1) 

SUBREG -Subroutine register (SREG) with subroutine 
mux (S MUX) 

CNTR -Count register (CREG) with counter mux 
(C MUX), decrementer (COUNTER-1) and zero 
detect 

GOTO ~~ - Specialized branch control logic 


The PC MUxX is a six-bit, four-to-one multiplexer. It selects 


either the PC, PC+1, SREG, or GOTO output as the next 
microaddress input to the microprogram. memory and to the 
PC. The PC thus always contains the address of the microin- 
struction in the pipeline register. During a Reset, the PC MUX 
output is forced to all ones, selecting location 63 of the 
microprogram memory. 


The P CNTR block consists of a six-bit register (PC) driving a 
six-bit combinatorial incrementer (PC+ 1). Either the present or 
the incremented values of PC can address the microprogram 
PROM. The incremented value of PC can be saved as a 
subroutine return address. The present PC value can address 
the microprogram PROM when waiting for a condition to 
become valid. PC+ 1 addresses the microprogram PROM for 
sequential microprogram flow, for unconditional microinstruc- 
tions, and as a default for conditional microinstructions. 


The SUBREG block consists of a six-bit, three-to-one multi- 
plexer (S MUX) driving a six-bit register (SREG). The three 
possible SREG inputs are PC+1, CREG, and SREG. SREG 
normally operates as a one-deep stack to save subroutine 
return addresses. PC+ 1 is the input source when performing 
subroutine calls and PC MUX is the output destination when 
performing return from subroutine. 


The CNTR block consists of a six-bit, four-to-one multiplexer 
(C MUX); driving a six-bit register (CREG); a six-bit, combinato- 
rial decrementer (COUNTER-1); and a zero detection circuit. 
The CNTR logic block is typically used for timing functions and 
iterative loop counting. 


The SUBREG and CNTR can be considered as one logic 
block because of their unique interaction. To explain this 
interaction, notice that both have an additional input source 
and output destination not used in typical operation—each 
other. This allows the CREG to be an additional stack location 
when not used for counting, and the SREG to be a nested 
count location when not used as a stack location. Thus, the 
SREG and CREG can operate in three different modes: 


1. As a separate one-deep stack and counter. 
2. As a two-deep stack. 
3. As a two-deep nested counter. 


The GOTO logic block serves three functions: 


1. It provides a six-bit count value from the DATA Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs (T[5 : 
0]) masked by the DATA Field (P[21 : 16]). 
(This is represented by T*M.) 


2. It provides a branch address from the DATA Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs 


6-63 


(T[5 : O}) masked by the DATA Field dee 
(This is represented by T*M.) 


“460. 


3.It compares the TEST inputs 
(T[5 : 0}) masked by the DATA Field (P[21 : 16]), called T*M, 
to the CONSTANT Field from the pipeline register (P[27 : 
22)). lf a match occurs, the EQ Flip-flop is set. EQ remains 
unchanged if there is no match. Constant field bits that 
correspond to marked test bits must be ZERO. 


The EQ flag can be tested by the condition code selection 
logic. Multiple tests of any group of T inputs in a manner 
analogous to Sum-of-Products can be performed since a no 
match comparison does not reset the EQ flag. Any conditional 
branch on EQ will reset the EQ flag. Conditional returns on EQ 
will not. change the EQ flag. RESET input LOW will reset the 
EQ flag. 


NOTE: A zero in the DATA Field blocks the.corresponding bit 
in the TEST Field; a one activates the corresponding 
bit. 


CONDITION CODE SELECTION LOGIC 


The condition code selection logic consists of an eight-to-one 
multiplexer. The eight test conditon inputs are the device 
inputs (CC and T[5 : 0]) and the EQ flag. The TEST field 
P[24 : 22] selects one of the eight conditions to test. 


The polarity bit POL in the microinstructions allows the user to 
test for either a true or false conditon. Refer to Table 2 for 
details. 


MICROINSTRUCTION DECODE 


The microinstruction decoder is a PLA that generates the 
control for 29 different microinstructions. The decoder's inputs 
include the OPCODE Field (P[30 : 26]), the zero detection 
output from the CNTR, and the selected test condition code 
from the conditional code selection logic. 


Am29PL141 SSR DIAGNOSTICS OPTION 


As a programmable option, the Am29PL141 FPC may be 
configured to contain Serial Shadow Register (SSR) diagnos- 
tics capability. SSR diagnostics is a simple, straightforward 
method of in-system testing that allows isolation of problems 
down to the IC level. 


The SSR diagnostics configuration activates a 32-bit-wide, D- 
type register, called a ''shadow'' register, on the pipeline 
register inputs. The shadow register can be serially loaded 
from the SDI pin, parallel loaded from the pipeline register, or 
held. The pipeline register can be loaded from the micropro- 
gram memory in normal operation or from the shadow register 
during diagnostics. A redefinition of four device pins is required 
to control the different diagnostics functions. CC also func- 
tions as the Serial Data Input (SDI), ZERO becomes the Serial 
Data Output (SDO), P[7] becomes the diagnostic clock 
(DCLK), and P[6] becomes the diagnostic mode control 
(MODE). The various diagnostic and normal modes are shown 
in Table 1. 


Serially loading a test microinstruction into the shadow register 
and parallel loading the shadow register contents into the 
pipeline register forces execution of the test microinstruction. 
The result of the test microinstruction can then be clocked into 
the pipeline register, as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out for 
system diagnostics. 
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TABLE 1. ) 


ae a eS | 
Shadow | Pipeline 
Sj-4 Sj Fee : 
He _ | Normal Load Pipeline Register from 
' . egister 
egister 


Hold Shadow Register 


*S7, S6 are undefined. S15 - Sg load from the source driving pins P[15] - P[8]. If P[31] in the microword is a ONE, S15 
- Sg are loaded from the pipeline register. If P[31] in the microword is a ZERO, S15 - Sg are loaded from an external 
source. 


Am29PL141 


FUNCTION TABLE DEFINITIONS 


INPUTS 
H=HIGH X=Don't Care 
L = LOW t = LOW-to-HIGH transition 
| = High-to-Low transition 


TABLE 2. 


Input 
Condition 
Being Tested 
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PROGRAMMING AND VERIFICATION 


The Am29PL141 FPC is programmed and verified using a 
simple algorithm that is almost identical to that used for AMD's 
Programmable Array Logic family. The internal programmable 
array of the Am29PL141 is organized as a 64 word by 32 bit 
(column) PROM. The fuse to be programmed is selected by its 
address (1 of 64), the byte at that address (1 of 4), and the bit 
in the byte (1 of 8). Control of programming and verifying is 
accomplished by applying a simple sequence of voltages on 
two control pins (CLK and CC). 


The fuse address is selected using a full decode of the T[5 : 0] 
inputs, where T[5] is the MSB and T[0] the LSB. The one of 
four byte addressing is done on the P[7] (MSB) and P[6] (LSB) 
outputs. The bit selection is done one output at a time by 
applying the programming voltage (Vop) to the output pin. The 
output pins that accept Vop are P[15 : 8]. A graphical 
representation of the fuse array organization for programming, 
with fuse numbering compatible to the JEDEC standard 
programmable logic transfer format, is shown in Figure A. 


The complete program and verify cycle timing is shown in 
Figure B. A programming sequence is initiated by raising the 
CLK pin to ViH. This places the device in the program mode 
and disables the output pins so that they may be used as fuse 
addressing inputs. The next step is to address the fuse to be 
blown as previously stated. Note that bit selection, with Vop, 
should follow address and byte selection. Raising the CC pin 
to VHH initiates programming and lowering Vop terminates 
programming. Lowering the CLK pin to a TTL LOW evel 
places the device in the fuse verification mode by enabling the 
programming outputs, P[15 : 8]. Following a clock pulse the 
fuse may be verified on the same output as bit selection was 


JEDEC 
FUSE 0 


performed. This scheme allows fuses to be verified in parallel 
as a byte if desired. The verification mode is terminated by 
lowering the CC pin back to a normal TTL level. 


SSR DIAGNOSTICS CONFIGURATION 
PROGRAMMING 


One additional fuse (#2048) is used to alter the configuration 
of the Am29PL141 to include on-chip SSR Diagnostics. This 
fuse is addressed by applying Vy to the RESET and T[5], 
followed by Vop on pin P[15]. To verify the diagnostic fuse, 
P[7] and P[6] must select byte #3, i.e., P[7] must be low and 
P[6] must be high. 


PROGRAMMING YIELD 


AMD programmable logic devices have been designed to 
insure extremely high programming yields ( > 98%). To help 
insure that a part was correctly programmed, once the 
programming sequence is completed, the entire fuse array 
should be reverified at both low and high Vcc (Vcc. and 
VccH). Reverification can be accomplished in a verification 
only mode (CC at Vi) by reading the outputs in parallel. This 
verification cycle checks that the array fuses have been blown 
correctly and can be sensed under varying conditions by the 
outputs. 


AMD programmable logic devices contain many internal test 
features, including circuitry and extra fuses which allow AMD 
to test the ability of each part to perform programming before 
shipping, to assure high programming yields, and correct 
logical operation for a correctly programmed part. Program- 


_ming yield losses are most likely due to poor programming 


socket contact, programming equipment that is out of calibra- 
tion, or improper usage of said equipment. 


JEDEC 
FUSE 31 


JEDEC 
FUSE 2047 


P[15: 8} 
PROGRAMMING CONFIGURATION 


PFROO0970 


JEDEC FUSE NUMBER= 32 (FUSE ADDRESS) + 8(3 - BYTE) + (7 - BIT) 


Figure A. Programming Configuration. 
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FUSE ADDRESS DECODE 


FUSE 
ADDRESS T[5] T[4] T[3] T[2] T[1] T[O]} 


A ee Set a eee Nee ple oe Oke bel OE ed Ce ee ee ed a oe a ee PE a a ee a ee ae 


JHEP HAT isd DEI HT TIT IT sgysIT Ts 4ys TIT s4sTI44 PIs TI sgysTITssTIssTITs4sTI4swsIITI4 IT 


Sad Hs DET LTrTsass4T TTT sas4ss TTT QGI44s TIT QTsI44sys TIE ITTs4gss TIT ITsgsssTIIIT4I4ssusIrIee 


SsHHogH44H44 TIT rTrTrTrrT rss 4sss4sss4sTtITI TTI IT IT ITs 4 4s ETITIIITC ITI TCILLTIIIII 


aot I TELL IT LTE LL ELT ITC ITT TES sss ITT TUTUTITUTTIUTTICTITIUITICL 


aHH4qdtddd ddd JJ sp J HHI IH gs UIT TTITITTITTUTUTUTIUTIIUTITICULTCTCIITOITICLCIIIITIIIIriI84T 


CHKHNMYMORDMOKFT AMY NOKRDMROKT AMY NORDADOKNMYHOKDDOKNMYTHORDDOKN 
SOT NOTO ON DDS RSE KKK KKK ANNANNANNNNNNOOODOODOODOOS SESE OReSSSangsesess5ssssgs 
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PROGRAMMING PARAMETERS Ta= 25°C | : 


[Parameters | Beeription SSS tye |e 


VHH Control Pin Extra High Level Volts 
Input High Level During Programming. and Verify ee ae 
Input Low Level During Programming and Verify a ee 
Voc During Programming @ Icc = 50-200mA oe 
Voc During First Pass Verification @ ioc = 50-200mA 4.1 


a 
[Veo [Voc Ba Seon Pst Vereaton @ lop = 80-200mk | 54 
Veown [Succes Blown Fuse Sense Level @ Oupt | 
[avop/at [Rate of Ouput Votage Change SYS 
[avec/at | Rate of Fug Erte Vote Change (00 Rare Eo) | 100 
| age 

ee 

[100 

ahs 


voce 
PR [Pubp Resistor on Guts Not Being Programmed | 19 [2 | 2a | «a 


a Fusing Time First Attempt 


i 
o 
oe 
” 


WFRO03001 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to +150°C 
-55°C to +125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
(Pin 28 to Pin 14) Continuous 

DC Voltage Applied to Outputs 


-0.5V to +7.0V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


0°C to +70°C 
+4.75V to +5.25V 


Military (M) Devices 


LyL 1d6cwy 


Temperature -55°C to +125°C 

Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


(Except During Programming) 
DC Voltage Applied to Outputs 
During Programming 
DC Output Current, Into Outputs During 
Programming (Max Duration of 1 sec) | 
DC Input Voltage -0.5V to +5.5V 
DC Input Current -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


-0.5V to +Vcc max 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description 


Test Conditions 
P[15:0], lon =- 


Output HIGH Voltage Voc = MIN, Vin = Vin, or Vib 


Output LOW Voltage 


Voc = MIN, Vin = Vin or Vit 


ie 1) Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs 
at @ 1) _ |lnput LOW Level Guaranteed Input Logical LOW Voltage for All Inputs 


Vag = MAX, Vin= 040V 
Ti [input HIGH Curent [Voc = MAX, Vin = 2.7V 
Tir finput HIGH Current [Voc = MAX, Vin = 8 5V 
Voo= MAX, Vout = 0.6V (Noted 
All inputs = GND Vac = MAX 

Vi [Input Ciamp Voltage [Vcc = MIN, I == 18mA 


a ee Output Leakage Current Voc = MAX, Vi = 0.8V 
(Note 3) ViH = 2.0V 


Input Capacitance Vin = 2.0V@f = 1MHz (Note 4) 
Output Capacitance Vout = 2.0V@f = 1MHz (Note 4) | 


These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
2. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
Vout = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
. I/O pin leakage is the worst case of Iozx or |x (where X =H or L). 
. Those parameters are not 100% tested, but are periodically sampled. 


RELATED PRODUCTS 


Part No. 


Am2914 Vectored Priority Interrupt Controller 


Controller Family Products 


Am29100 
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16x16 PARALLEL MULTIPLIERS 
MULTIPORT PIPELINED PROCESSORS 
FFT ADDRESS SEQUENCERS 


Am29500 


Array Processing and 
Digital Signal Processing Index 


The Am29500 Family 


Am29501 
Am29509/L509 
Am29510/L510 
Am29516/17 
Am29520/Am29521 
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A High-Performance Architecture 
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Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


The Am29500 Family 


A High-Performance Architecture 
For Digital Signal/Array Processing 


As new system designs continue to press for maximum 


performance, high-speed array processing is becoming an 
increasingly attractive alternative. Parallel processing and 
pipelined architectures implemented in the fastest technol- 
ogies are requisites for maximum performance array and 
signal processing applications. 


The Am29500 Family is designed specifically for maximum 

performance and flexibility. Key product features include: 

@ Microprogrammable for maximum versatility 

®@ Pipelined organization for efficient use of resources 

@ IMOX™ process and ECL internal-structures for maxi- 
mum speed 

@ TTL I/O for ease of interface 


The Am29500 family components are targeted for the. 


efficient execution of Digital Signal Processing (DSP) and 
Array Processing algorithms, including Infinite Impulse 
Response (IIR) and Finite Impulse Response (FIR) digital 
filters, Fast Fourier Transform (FFT) processors, graphics 
processors, etc. 


The Am29500 family components include: 

® Am29501 Multi-Port Pipelined Processor 

A specialized eight-bit wide parallel processor which 
executes multiple simultaneous data operations. Its 
Register/ALU structure provides the key functional 
element for a high-performance signal processing sys- 
tem. 


IMOX is a trademark of Advanced Micro Devices, Inc. 


HIGH PERFORMANCE SIGNAL PROCESSOR 


@ Am29516/29517 High Speed 16 x 16-Bit Parallel 
Multipliers 
Both are 16 x 16-bit Parallel Multipliers. The Am29516 is 
pin and functionally compatible with the MPY-16Hu, but 
with an added multiplexer to output the LSP at the MSP 
port. The Am29517 is the same function, but with clock 
enables for microprogrammed applications. Low power 
and speed enhanced versions are also available. 

@ Am29520/29521 Multilevel Pipeline Registers 
Both devices contain four 8-bit registers for dual two- 
stage or single four-stage data or address pipelining. 
Combined load-and-shift (Am29520) or separate load- 
and-shift (Am29521) control options are available. 

@ Am29526/29527/29528/29529 High-Speed Sine/ 
Cosine Function Generators 
The sine and cosine functions are necessary for Fast 
Fourier Transforms (FFT). The Am29526/527 generate 
the most significant and least significant byte of the 16- 
bit sine function and the Am29528/529 generate the 
most significant and least significant byte of the 16-bit 
cosine function. The sine and cosine ‘functions are 
generated to provide a range of @ for a half cycle, 
0<6@r7, in increments of 7/2048. 

® Am29540 FFT Address Sequencer 

This algorithm-specific VLSI chip generates data and 

coefficient addresses for the Fast Fourier Transform. It 

supports a wide variety of FFT algorithms in either radix- 

2 or radix-4. 


BD002640 
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The Am29500 Family 


@ Am29509 and Am29510 Multiplier-Accumulators 


These devices are 12 x 12 and 16 x 16 multipliers with built- 
in accumulators. They are often used in constructing digital 
filters. The Am29509 is pin- and function-compatible with 
the TDC1009 and the Am29510 is pin- and function- 
compatible with the TDC1010. 

Am29325 Floating Point Processor 

Support both IEEE and DEC 32-bit floating point formats, 
the Am29325 will perform a full parallel 32-bit floating point 
multiply in a single clock cycle. This device can replace 
more than a full circuit board of logic. 32-bit floating point is 
useful in filters for reducing errors and noise, and can be 
used to conveniently extend the number range in array 
processors. 


Am29500 ARRAY PROCESSOR 


MICROPROGRAM CONTROL 
Am2910A/29112/2914/2925 


A high-performance signal processor may be constructed as 
shown in the diagram. The processor is built entirely with 
Am29500 digital signal processing and Am2900 devices. Such 
a processor is attached as a slave to the main system bus to 
perform the multitude of arithmetic operations which prevail in 
DSP. algorithms. 
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Am29501 


Multi-Port Pipelined Processor (Byte-Slice™) 


DISTINCTIVE CHARACTERISTICS 


@ Expandable Byte-Slice™ Register-ALU 
- Sign extend input and output 
- Carry and P/G expansion with force/inhibit/normal 
Carry modes 
@ Eight instruction ALU 
- Four arithmetic operations 
- Four logic operations 
@ Ten internal data paths 
- Highly parallel architectures 


- Multiple simultaneous data manipulations 
@ Pipelining register file has six 8-bit registers 
- Multilevel pipelining 
- Multiple register-to-register moves . 
® Completely microprogrammable 
- No instruction encoding 
- All operation combinations available 
®@ Three I/O ports for maximum system interconnect 
flexibility 


GENERAL DESCRIPTION 


The Am29501 is an expandable Byte-Slice™ register-ALU 
designed to bring maximum speed to array processor and 
digital signal processor systems. It provides a flexible 
processor building block for implementing highly pipelined, 
highly parallel architectures where speed is achieved by a 
combination of optimized integrated circuit technology 
(IMOX™ 
ized system architecture. |/O port flexibility and multiple 
concurrent data moves make it possible to construct 
processors capable of very high throughput. Parallel pro- 
cessors are especially efficient for array/vector operations 
or signal processing algorithms requiring complex number 
arithmetic (e.g. FFT, convolution, correlation, etc.). 


process and internal ECL circuitry) and custom- | 


The Am29501's Pipeline Register File provides data stor- 
age and pipelining flexibility. Any combination of register 
instructions, ALU instructions, and |/O instructions can be 
microprogrammed to occur in the same cycle. This allows 
overlap of external multiplication, ALU operations, and 
memory |/O. 


Three 1/O ports support a wide variety of parallel, pipelined 


architectures by providing separate |/O ports for the 
multiplier and the memory data bus. Either of two bidirec- 
tional I/O ports, DIO and MIO, can interface to the data bus 
or multiplier Y-input port, and a separate Mi port connects 
to the multiplier output port. 


BLOCK DIAGRAM 
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Byte-Slice is a trademark of Advanced Micro Devices, Inc. 
IMOX is a trademark of Advanced Micro Devices, Inc. 
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RELATED PRODUCTS 


Part No. Description 
Am2902A Carry look-ahead generator 


Am29516/17 16 x 16-bit high speed 
multipliers 


Am25S558 8 x 8-bit multiplier 


CONNECTION DIAGRAM 
Top View 


Leadiess Chip Carrier 
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METALLIZATION AND PAD LAYOUT 
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16 GND 


17 MIO3 
18 DIO, 
19 MIO, 
20 DIOs 
21 MIOs 
22 DiO, 
23 MIO, 


24 DIO7 


CLOCK 48 
OVERFLOW 47 
ZERO 46 
SEoyy 45 


Iyg 44 


7 43 
25 MIO7 


26 Ip 
| 27 | 
28 |p 
: 
—-~ 30 I, 

J ~ 31 Is 

2 = 32 Ig 
33 ty 


Die Size: .289” x .222” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29501 Cc e Valid Combinations 

Screening Option DC. DCB 
Blank - Standard processing Am29501 DMB, LC, LMB 
B — Burn-in (Note 1) | 

Temperature (see Operating Range) 

C -Commercial (0 to + 70°C) 

M —Military (-55 to + 125°C) 

Package 


D-64-pin CERDIP (D-64-3) __ 5 
L-68-TERMINAL Leadiess Chip Carrie Valid Combinations 


Device type Consult the AMD sales office in your area to 
Multi-port Pipelined Processor determine if a device is currently available in the 
combination you wish. 


Note 1: 160 Hour Burn-in 
Heatsink Parts, Ta = 125°C 
Non-Heatsink Parts, Ta = 85°C 
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PIN DESCRIPTION 


| *Pin No, |Name | 1/0 | Description 
[50 [Gn |_| _| Caryn input to the internal 6-bit ALU. 
3 es ss Carry-out output from the internal 8-bit ALU. 


Pee input for the internal pipeline register file. Data selected by I7-l1g, meeting the set-up and hold time 
een of the respective register, is clocked into the register on the clock LOW-to-HIGH transition. 


9, 11, | sao 1/O | Bidirectional data 1/O Pot (see Note). 
15, 18, 20, 
22, 24 
ee ee The carry generate and propagate outputs of the internal ALU. These signals are used with the Am2902A for carry- 
lookahead. 


26-44, Instruction inputs designed to be driven under microprogram control. All instruction inputs contro! multiplexers or 
54-57, drivers or the ALU directly. There is no instruction encoding. See Control Input Function Tables for operating 
Mig-Mi7 Data inpal ‘port 
(Multiplier Input - see Note). 
10, 12, 14, |MlOo-MIO7 1/O | Bidirectional data !/O port 
17, 19, 21, (Multiplier 1/O - see Note). © 
23, 25 
Overflow ° 
This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most significant 
end of the word, this pin indicates that the result of an arithmetic two's complement operation has overflowed into 
the sign-bit. 
SEouT The most significant bit of the S-operand. This is used in multiple precision arithmetic operations for sign extension 
of two's complement numbers. 
A single-bit input which generates an 8-bit sign extension R-operand for multiple precision two's complement 
arithmetic operations. 


ZERO. —S*«|_—«OO_| This is an open collector output which goes HIGH if the data on the ALU outputs are all LOW. 


Note: This is a general purpose data port. The names are derived from the typical usage in a typical Am29500 system but are not restricted 
to this interconnection scheme. 


*DIP Configuration 


CONTROL INPUT FUNCTION TABLES 


1. Data I/O Port (DIO) Output Select 2. Multiplier 1/O Port (MIO) Output Select 


Re 


Lone eS Se 
Peer Pore te eee 


fae PAM ReE aap pees 


3. Register A; Data Source Select 4. Register Az Data Source Select 


MSP (Ml) LSP (MIO) 

Di (DIO) ALU 
B3 Ai 

A; (Hold) A2 (Hold) 
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CONTROL INPUT FUNCTION TABLES (Cont.) 


5. Register A3 Data Source Select 


MSP (MI) 
ALU 
A2 
Ag (Hold) 


7. Register Bz Data Source Select 


LSP (MIO) 
ALU 
By 
Bo (Hold) 


Los6écwy 


6. Register B; Data Source Select 


MSP (MI) 
DI (DIO) 
A3 
B; (Hold) ‘ 


8. Register Bz Data Source Select 


MSP (MI) 
ALU 
Ba 
Bg (Hold) 


9. ALU Operating Instructions 


teietieiatte | are) 


L L R+S+Cin 
L H R-S-Cin 
H L R+Cin 

H H -R+S-Cin 
L L R+S+Cin 
L H R-S-Ciw 
H L R+Cin 

H H -R+S-Cin 
L L R+S+Ciw 
L H R-S-Cin 
H L L R+Cin 

H H 

L B 

L H 

H L 

H H 


Normal Operating Mode** 


Inhibit Carry Mode 


Force Carry Mode 
L 


Logic Operations 


*Cout, P and G are not applicable to logic operation, Am29501 functions as shown. 
**Carry is used for 16-bit expansion. P and G are used with an Am2902A for expansion to more than 16 bits. 


Sign Extend Input 
Bussed to All Bits 
Arithmetic Zero 
(All Inputs LOW) — 


H L H B3 
L MSP (Ml) 
H LSP (MIO) 
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| DETAILED DESCRIPTION 


Figure 1 contains a block diagram of the Am29501. It shows four major sections - an eight-bit cascadable ALU, a register file 
consisting of six eight-bit registers, three |/O ports, and a microcode control section. 


ALU 


The ALU performs arithmetic on an eight-bit Byte-Slice™ with 
full internal carry lookahead and carry input and output for 
cascading. The carry can ripple between byte-slices by 
connecting the Court of one slice to Cijy of the next byte-slice. 
Carry generate (G) and propagate (P) outputs are also 
provided for faster operation when the ALU is used in 
conjunction with a carry lookahead generator such as the 
Am2902A. 


There are three arithmetic modes — cascade, carry inhibit and 
forced carry. The cascade mode produces an output carry 
based on the results of the operation and is the normal mode. 
The carry inhibit mode produces no carry output and is used to 
decouple cascaded ALUs. A 16-bit ALU consisting of two 
Am29501s can operate as two 8-bit ALUs simultaneously by 
programming the carry inhibit mode. This mode could also be 
used with a second 16-bit ALU for double precision where the 
more significant slice is programmed in the carry inhibit mode 
for single precision and in the cascade mode for double 
precision. The less significant slices would be programmed in 
normal mode for either case. The forced carry mode is the 


_ Byte-Slice is a trademark of Advanced Micro Devices, inc. 


DETAILED Am29501 BLOCK DIAGRAM 


ovine 


Figure 1. 


DFROO710 


converse and always produces a carry. All three modes treat 
the input carry in the same way. The Am29501 uses the input 
carry as a true borrow. during subtraction as opposed to most 
two's complement ALUs which use borrow. The usual require- 
ment is that input borrow be programmed HIGH (inactive) 
when doing a subtraction. Since the Am29501 has a true 
borrow, the input carry is programmed to be LOW for both 
addition and subtraction. This is consistent with the carry 
inhibit mode discussed previously. 


In addition to arithmetic operations the ALU also does bitwise 
logic operations - OR, AND, exclusive OR, and invert. Carries 
are not applicable for these operations and are inactive. 
Codes to program the ALU function are contained in Control 
Input Function Table 9. 


Each operand of the ALU has eight possible sources. Operand 
R can be any register in the register file or one of the I/O ports 
Mi or MIO as shown in Table 10. Operand S can be any 
register, zero or a sign extension input (SEjjx) from another 
ALU (Table 11). The ALU result can be steered to registers 
A2, A3, B2, and B3 of the register file or the MIO I/O port. 


03564A 
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REGISTER FILE 


The register file provides for fully independent use of the 
registers. Each register has a four-input mux which can be 
programmed so that the register holds its previous contents or 
is loaded from the ALU and 1/O port or the "'preceding'' 
register. If all registers are programmed for the preceding 
register, a ring is formed and data circulates through all the 
registers. This facilitates constructing a pipelined data flow. 
Various combinations of I/O ports and the ALU make up the 
remaining inputs to each register. The sources for each 
register are shown in the Control Input Function Tables 3-8. 


I/O PORTS 


The Am29501 has two bidirectional ports (DIO and MIO) and 
One input port (MI). As an input the DIO port can be loaded 
into registers A1 and B1 and directed to the MIO output port. 
Output from the DIO comes from registers A2, A3, B2 or B3 
using the codes from Control Input Function Table 1. This 
separation of input and output registers connected to the DIO 
port is in keeping with the pipelined organization of the part 
when the DIO port is used for data flow in and out of the 
processor. 


Input through the MIO port can be directed to registers A2 and 
B2 in the register file and to the ALU. Output can come from 
any of the six registers, the DIO input port or from the ALU. 


7-9 


This structure allows the user to direct operands to an auxiliary 
processor (Such as a multiplier or barrel shifter) from any point 
in the pipeline. The MIO port could be connected to a 


processor with bidirectional data bus. The auxiliary processor 


would receive data and return its results to registers A2 and 
B2 through the MIO port. 


The MI port provides another entry point for inserting data in 
the processing pipeline. An auxiliary processor with flow- 
through architecture could receive data from the MIO port and 
return data through the MI port which can be directed to 
registers A1, A3, B1 and B3 and to the ALU. 


A potential use of the ports is connecting the bidirectional bus 
of an Am29116 microprocessor to the MIO port. An Am29516 
would have its inputs connected to the same MIO port and its 
Output to the MI port. This architecture could calculate 
magnitudes by computing the sum of the squares with the 
Am29516 and Am29501 and the square root with the 
Am29116. 


CONTROL 


The Am29501 is controlled by 29 microcode bits which select 
operations with no encoding. This provides the maximum 
flexibility for the independent control of parallel operations. 
Sources may be directed to multiple destinations simulta- 
neously wherever data paths are provided. 


' 03564A 
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Am29501 © 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ..............ceeeeeeeeeenes -65 to +150°C 
Temperature Under Bias-Tc ...........--.-.0+ -55 to + 125°C 
Supply Voltage to Ground Potential 

COUN og osc co cigarettes oc antasecnwsire -0.5 to +7.0V 
DC Voltage Applied to Outputs For 

High Output State .............: cece eee -0.5V to +Vcoc max 
DC Input Voltage............:cceceeseceeeeeeeeeeees -0.5 to +5.5V 
DC Output Current, Into Outputs ............:-.seeeeeeeee 30mA 
DC Input Current ......6....cesecccseee weer edeneee -30 to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Voc = MIN 
Vin = Vin, OF Vit 


DC CHARACTERISTICS over operating range unless otherwise specified 


Test Conditions (Note 1) 


OPERATING RANGES 


Commercial (C) Devices 


Temperature 
DOG ic csles ances nek a sate "4 fr Ta =0°C to +70°C 
Chip Carriers............c-cescseeseeeeeons To = 0°C to 85°C 
Supply Voltage .........-:.:eceeeeeeeeseres +4.75V to +5.25V 
Military (M) Devices 
Temperature ...........cccceeeeeeeeeeeree ees -55°C to + 125°C 
Supply Voltage ..........:.cecseeeeeeeeeee eres +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


loH = -2.6mA. (COM'L) 


COM'L 


lo, = 8mA Others - 

VoL Output LOW Voltage meee Vi Caco 5 * _—t Be eee Volts 
a 
Tie Input HIGH Current CPCLOOA, Ea “a ha 
PRR ees eee 
ae Ce ee 

se eect tte 
COM'L Only [a =0 to +70°C (Note 4) eS Sa eS 
Voc = MAX TTa=+70°C (Note 4) | | | 975 | mA 
fui ow frees stesre _{_1__}— 
Voc = MAX SPC eae Bees See Se 


. Chip Carriers: Tc = 85°C. 


1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the 
4 


short circuit test should not exceed one second. 
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PULSE WIDTH 


ENABLE AND DISABLE TIMES 
Enable Disable 


Los6cwy 


CONTROL __ 
INPUT 


LOW-HIGH-LOW___ 
PULSE 


OUT 
NORMALLY 


Ly ; ; 
Sau: Vou 
HIGH-LOW-HIGH { 
PULSE ES BE oR tt a ——— 15V VOH 
OUTPUT eae a 
NORMALLY ~1.5V 
HIGH S5 OPEN 
~OV 0.5V 
WFR02790 ; 
WFRO2660 


Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

2. Si, Sz and S3 of Load Circuit are closed except 

where shown. 


NOTE: 1. Pulse generator for all pulses: Rate < 1.0MHz; Zo = 50; t, < 2.5ns; tt S 2.5ns. 


SWITCHING CHARACTERISTICS AT ROOM TEMPERATURE 


Typical Set-up/Hold Times and Propagation Delays 
Vec = 5.0V, Ta = + 25°C, Cy = 50pF 


Set-up, ts/Hold, tp, Propagation Delay Times, tpp 
DIO 
ee 


CLK ete 27 | 4 


17.49(REG) 
149-22(ALU OP) 


pee 
ee 
sear 

Saar 


Test 
Conditions 


ZL 4 MIOo. 7 Cy = 50pF pa) es | 


lo — DIOo.7 Ri = 6672 
14 ~MIOpo-.4 


03564A 
7-11 Refer to Page 13-1 for Essential Information on Military Devices 


Am29501 


SWITCHING CHARACTERISTICS, COMMERCIAL 


Minimum Set-up/Hold Times and Maximum Propagation Delays 


Register | Reg via 
Input ALU 


Sacra | ee 

ean one 
a ee 

cw oe | tae Pang | 
a ee 
a ee ee ae 
aa 
ee ye ey ee 
Pheiite a: wwe 
aac” | eae 
Peep Sey es press 


SWITCHING CHARACTERIS 


s and Maximum Propagation Delays 


pe Se ip, ts/Hold, th Propagation Delay Times, tpp 


Pat are DIO 
input ALU Bort 


OLK eee ae ee 
eee wit 
Ce eee 
eas 


ae 
Cin a ae 


17-18(REG) 
l49-22(ALU OP) 
lo3-28(ALU SEL) 


Note: Please refer to Guidelines for Testing Am2900 Family Devices in section 13 of this data book. 


Am29501 Minimum Clock Pulse Widths 


Parameter Description TYPICAL COMMERCIAL MILITARY Units | 

few | comemn men |e fF 
a as eae ee Ges Kee ee 

Low __ne_| 


03564A 
7-12 Refer to Page 13-1 for Essential Information on Military Devices 


SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 
OUTPUTS 


Vec 


¢ TCRO1340 70001420 


TCRO1330 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in test 
fixture. 
2. S1, S2, Sg are closed during function tests and all AC tests except output enable 
tests. 
3. S; and Sg are closed while So is open for tpz} test. 
S; and So are closed while S3 is open for tpz,_ test. 
4. C_ = 5.0pF for output disable tests. 


SET-UP, HOLD, AND RELEASE TIMES PROPAGATION DELAY 


oa VV WWW oc, a 

was MINN — WW" > | | om 
a s ig Zs OUTPUT = oss 1.5V 

\wrur See: 7 1.5V gan ee. 


WFRO02980 


WFR02970 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross hatched area is don't care condition. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT 


ICROO530 


C; = 5.0pF, all inputs 


ICRO0520 


Co = 5.0pF, all outputs 
Note: Actual current flow direction shown. 
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Am29509/L509 


12x12 Multiplier Accumulator 


ADVANCED INFORMATION 


@ Uses two's complement or unsigned inputs and outputs 
@ Round control 
@ 27-bit product accumulation result 
~- 24-bit product 
- 3-bit extended product 


The Am29509 is a high-speed 12 x 12-bit multiplier/accu- 
mulator (MAC). The X and Y input registers accept 12-bit 
inputs in two's complement or unsigned magnitude format. 
A third register stores the Two's Complement (TC), Round 
(RND), Accumulate (ACC), and Subtraction SUB/ADD 
control bits. This register is clocked whenever the X or Y 
input registers are clocked. 


The 27-bit accumulator/output register contains the full 24- 
bit multiplier output which is sign extended or zero-filled 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


=] =) 
~ Leo aeee: ot , 


0 Ree ADO/SUBTRACT/PASS 
oe 
CLKp PS rs 


® Output register preload 
Three-state output control 


@ IMOX™ processing 


- ECL internal circuitry for speed 
- TTL I/O 


based on the TC control bit. The accumulator can also be 
preloaded from an external source through the bidirectional 
P-port. The operation of the accumulator is controlled by 
the signals ACC, SUB/ADD, and PREL (Preload). Each of 
the input registers and output register has independent 
clocks. 


The Am29L509 is a low-power version of the Am29509. 
The Am29L509 is expected to dissipate 50% less power 
than the high-speed Am29509. 


aagncnes 


P2g-Paq 


IMOX is a trademark of Advanced Micro Devices, Inc. 


7-15 


Po3-Pi2 Pi4-Po 
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CONNECTION DIAGRAM 
Top View 


Leadiess Chip Carrier 


Am29509/L509 


xy 


ACC 
SUB/ADD 

RND 
LE, /OE, 


oOnN ON & WN 


Am29509/L509 


CDR04460 


CDR04450 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


~ SUuB/ADD 


g LE, /OE, 


10 Po 


‘ oy ‘* ; ” 
¢ * ‘i! —=<~ 
j 4 : 
CLKp 
i 


PREL 


LEy/OEy 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 
8 PCB 
Am29L509 PC*. PCB* 


Am29509/L509 P Cc B 
Ln Screening Option 
Blank - Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M —- Military (-55°C to + 125°C) 
Package 
D=64-Pin Top-Brazed with Heat Sink 
64-Pin Top-Brazed without Heat Sink* 
L =Leadless Chip Carrier 


> 
: 
a 
=] 
© 
= 
rr 
on 
[<>] { 
7) 


P =Molded DIP* 
Valid Combinations 
Device Type Consult the AMD sales office in your area to 
12x12 Multiplier determine if a device is currently available in the 
Acgumutator combination you wish. 


*For low-power version. 


Note 1. 160-hour burn-in - 
Heat sink parts: Ta = 125°C 
Non-heat sink parts: Ta = 85°C 
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__ PIN DESCRIPTION 
EP No eae ce eign ee ee Oe) ee ee ee ae | 


Pen wen 


When RND is High, a bit with a weight of P11 is added to the multiplier product. RND is loaded on the rising edge of 
TC 


CLKx or CLKy. 


Two's Complement : 
When High, the X and Y inputs are defined as two's complement data, or as unsigned data when Low. The TC 
control is loaded on the rising edge of CLKx or CLKy. : 


Preload ) 
When High, data is preloaded into the specific output register when its respective Load Enable is High. When Low, 
the accumulator register is available at the P-port when the Output Enables are Low. 


Load Enable Extended/Output Enable Extended 
Active High Load Enable for the XTP port during preloading. Active Low three-state control for the XTP port during 
normal operation (see Preload Function). (TSX)** ; 


Load Enable Most/Output Enable Most 
Active High Load Enable for the MSP port during preloading. Active Low three-state control for the MSP port 
during normal operation (see Preload Function). (TSM)** 


Load Enable Least/Output Enable Least ‘ 
Active High Load Enable for the LSP port during preloading. Active Low three-state control for the LSP port during 
normal operation (see Preload Function). (TSL)** 


PREL 


LEy/OEm 


LE, /OE, 
57, 56 CLKx, CLKy 
1-5, X114-Xo 
58-64 
43-48, Y11-Yo 
50-55 
38-40 Po6-P24 1/O | Bidirectional Port 
Product output for Extended Product (XTP) and input to preload XTP register. 
26-37 /O | Bidirectional Port 
Product output for the Most Significant Product (MSP) and input to preload MSP register. 


[7 


*DIP Configuration 
**TRW TDC1009 PIN DESIGNATION 


PRELOAD FUNCTION ACCUMULATOR FUNCTION TABLE 


ees tig (yf PREL ee 0D ee OPERATION 
pREL| O&x | Ow | Oe. | xTe | ws | Ls ere 
oo Tase 


0 


ge 
aO 
2O 
ax 
*) 
D> 
= 
ro) 
> 
® 
4 
= 
” 
v0 
ps) 
| 
a 
| oa 
” 
v 
& 
2 
2 
n 
° 
| 
> 
® 
Ee | 
2 
a 


Accumulate 
When High, the multiplier product is accumulated in the accumulator. When Low, the multiplier product is written 
into the accumulator (see Accumulator Function Table). The ACC control is loaded on the rising edge of CLKx or 
CLKy. 


Subtraction/Addition 
When High, the accumulator contents are subtracted from the multiplier product and the result written back into 
the accumulator. When Low, the multiplier product is added into the accumulator (see Accumulator Function 
Table). The SUB/ADD control is loaded on the rising edge of CLKx or CLKy. 


NZNNONONONO 


NNNNNNNNOOO 
NN@ENNNNOONNO 


—~astetewt e ot s s OQOOQDOCOOOCSO 
—~—--=-0O0000-+-=- = 000 
—-=-O00-$-00-4=00-0 
-“~o+-0+-'0+-0+-0+0+-0-—- 


Z = output buffers at High impedance (disabled). 
Q =output buffers at Low impedance. Contents of 
output register available through output ports. 
PL = output disabled. Preload data supplied to the 
output pins will be loaded into the output 
register at the rising edge of CLKp. 
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DETAILED DESCRIPTION 


The Am29509 is a high-speed 12 x 12-bit multiplier/accumula- 
tor (MAC). It comprises a 12-bit parallel multiplier followed by a 
27-bit accumulator. Two 12-bit input registers are provided for 
the X and Y operands. A third register stores two control bits, 
TC and RND. TC selects either a two's complement or an 
unsigned magnitude format for both data inputs. The RND 
control, when High, causes a bit to be added to the multiplier 
product with the weight of P;;. This causes the most 
significant 12-bits of the product to be rounded to the value 
nearest to the full 24-bit product. Using the RND contro! once 
during an accumulation causes the most significant 15-bits of 
the accumulator to be rounded to the value nearest the full 27- 
bit accumulation. The TC/RND register is clocked whenever 
the X or Y input registers are clocked. 


The 24-bit multiplier output is zero-filled or sign-extended as 
appropriate to provide a 27-bit input to the accumulator. The 
accumulator has four functions: the product may be loaded 
into the accumulator, the product may be added into the 


accumulator value, the previous accumulator value may be 
subtracted from the product and the result stored in the 
accumulator or the accumulator may be preloaded from an 
external source. The operation of the accumulator is con- 
trolled by the signals ACC, SUB/ADD and PREL. ACC and 
SUB/ADD are stored in a register clocked whenever the X or 
Y registers are clocked. ACC in conjunction with SUB/ADD 
selects one of the first three accumulator functions (see 
Accumulator Function Table). For output and preloading 
purposes the accumulator is considered in three sections: 
Extended Product (XTP, Pag-Po4) controlled by LEx/OEx, 
Most Significant Product (MSP, Po3-P;2) controlled by LEyy4/ 
OEwm and Least Significant Product (LSP, P;1—Po) controlled 
by LE, /OE,. When PREL is Low these controls are active- 
Low Output Enables for the three-state output buffers. When 
PREL is High the output buffers automatically become high 


_ impedance, and the controls operate as active High Load 


Am29509/L509 


Enables to the three sections of the accumulator to permit 
preloading of data applied to the bidirectional P port. The P- 
port has 27-bits. 


INPUT FORMATS 


XIN 


1 30 2 8 ee BS eS ee ea 0 


= 90 91 o2 93 94 95 96 a7 9° 29 ort 0 71 1 
(Sign) 


oe ae 
x a Ere Gear erage a : 5 27 
(Sign) 


XIN 


ie ee Br Be Bea ee ee 0 


gl 92 93 oA 95 96 a7 98 99 9°10 9-11 5-12 


a ee 


Fractional Two's Complement Input 


Integer Two's Complement Input 


Unsigned Fractional Input 


Unsigned Integer Input 


YIN 


11.40) Oe. oo SS Oe ee 0 


as 20 grt 972 93 a4 9°5 26 Q7 28 9°9 Qt 0 o71 1 
(Sign) 


YIN 
LP PLB all EE NS. 
-211 910 99 28 97 96 9 92 a1 20 
(Sign) 


YIN 


1) WO 8 ef. Oe Ge: Se 0 


Pa 1 9-2 9°3 94 9°5 96 Q7 2° 99 91 0 91 1 91 2 


eS Sie eee Ae 


7 SE a aE " = a? 
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Am29509/L509 | 
OUTPUT FORMATS if 
Two's Complement Fractional Output : 


XTP MSP LSP 


24.22 #1. 20.19 18.17 16.48 ..14..19 12} [AE 100-95 8 Ri NO aC! ehuiseue heros) 


_24 93 92 91 90 91 o2 9°3 a4 95 96 a7 98 99 9°10 gl 712 9°13 9°14 9°15 9°16 917 9°18 9°19 9°20 921 9°22 


Two's Complement Integer Output 


XTP MSP LSP 


23 22 21 20 19 18 17 16 «#15 14 #13 «12 [11 0. 80 8 7 ee Oe ee AO 
926 525 524 923 922 21 420 919 918 917 916 915 914 913 912 911 910 59 98 07 96 95 94 58 42 91 20 
(Sign) 


Unsigned Fractional Output 


XTP MSP LSP 
23 22 21 20 19 18 17 16 15 14 13 12 | 10, 65 oe Foe ee Be oe 8 
92 91 90 o1 9-2 93 9-4 95 96 o7 98 99 Q1 0 971 1 o1 2 91 3 971 4 Q°1 5 Q1 6 o1 7 971 8 971 3 9°20 9°21 gr22 9°23 9°24 


Unsigned integer Output 


XTP MSP LSP 


[26 25 24] [23 22 21 20 19 18 17 16 15 14 13 12 1. & 8 7 5 


6 43) 322 1 0 
926 925 924 923 922 921 920 919 918 917 916 915 514 913 912 aii 910 59 98 97 76 95 94 93 92 91 90 
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ABSOLUTE MAXIMUM RATINGS 


-65 to + 150°C 
-55 to +125°C 


Storage Temperature 

Temperature Under Bias-Tc 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 


-0.5 to +7.0V 


-0.5V to +Vcoc max 
-0.5 to +5.5V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Ta =0 to +70°C 
Chip Carriers To =0 to +85°C 
SUDO VOUAGO «.......... sicadisincsimgddeses ces 4.75V to 5.25V 


Military (M) Devices 
Temperature -55°C to +125°C 
SUDDIV VONGGO.. «<<... c0sccccsccccenseveets eles 4.5V to 5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


Pi 
= 
ND 
) 
E 
= 
re 
on 
=) 
© 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
Am29509/L509 


Description Test Conditions (Note 1) Se 


Input HIGH Level Guaranteed input Logical HIGH Voltage for All inputs Mele 
input LOW Level [8 | vote 
input Clamp Voltage P| =18 | Vor 
input LOW Ourrent Voo= MAX, Vin = 0.4V Laide 
Tig] put HIGH Current | Voc = MAX, Vin = 24V 

Ti _| Input HIGH Current 


a ee Off State sane impedance) 


<n Circuit Current 
(Note 3) 


Ta = +25°C 


Ta =0 to +70°C 
(Note 4) 


Ta = 70°C 
(Note 4) 


L Devic 
S50 eet 
oa ones ff he 


[STD Deviees| | 
Ton + 125°C Fess os as a 


For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Chip Carriers: Tc = 85°C. 


Notes: 1. 


Pon 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Test 
Parameters Description Conditions 


oe eee He eae 

Setup Time 

Time 
ae | hapetonirl Syst osivee Frerernag Buss ven SOA | 
p< FPREL How tne. | aS SES SS RS See Se 
‘tpwH __—|Clock Pulse Width High po ae eS Se Se ee ee | 
SSeS Slee Bon Se SE co. 
tpop_ [Output Clock toP Ce es ee ees es Se: 
teHz | MEX/OEx, LEM/OEw, [High to 2 Boe Pore! gciteiode ve Pet atta iw incr wee | 
teiz P bisa ‘Time on a ee eS ces, ca 
ftezn__[LEx/OEx, LEw/OEm, |Z to High eS eee eeceis emeeeees Cerne Eee eee 
wan | cou Oe i a ee ee oe 
Se ee eee Cece eoetememeee Geer See 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


MILITARY 
| zersoo | 20509 


Test 


— Multiply Accumulate Time 


Xj, Yj, RND, TC, ACC, SUB/ADD 
Set-up Time 


Xj, Yi, RND, TC, ACC, SUB/ADD 
old Time 


PREL Set-up Time 

ity —_s| PRL Hold Time 

ltpwH —s«| Clock Pulse Width High 

Clock Pulse Width Low - 

ltppp —=—s«| Output Clock to P } 

LEx/OEx,LEy/OEm, 

LE, /OEL to 

P Disable Time bow 4 

LEx/OEx, LEy/OEm, 
/ 

ira. P Enabs Time __[2 © Low 


Relative Hold Time 


ae 


= | 
(77) 


x 


3 
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SWITCHING TEST CIRCUIT 


Normal Load Three-State Delay Load 


TCRO1300 
TCRO1290 


SWITCHING TEST WAVEFORMS 


ek Tee Capt Heo = Meson L 


All tpps 


WFR02810 


SET-UP AND HOLD TIME PULSE WIDTH 
DATA WAV WV. 
wep A rr Ws WW... 


WFRO02970 


Notes: 1. Diagram shown for HIGH data only. 
Output transition may be opposite sense. 
2. Cross hatched area is don't care condition. 


WFRO02850 
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Am29509/L509 
TIMING DIAGRAMS 


OOOO OOOO NN AAAI K KIRK 
OOOAXXXKKLNY DONS KKK KKK KKK KIKI 
netatalatatatatctotels’ Watanteiteaneneaieeiaeleate satelite eateletttelete ete lctel 
ACC, SUB/ADD AY MOO OOOO OOOO XXX AXA K AK KKK KKK KKK 


ehaee ad 


+ 


Twa 


WFR02910 


Am29509/L509 | 
PRELOAD TIMING DIAGRAM 


AA? 4%, HOOK KXEXX EKER 
CO KKK KK 

anata tatlatelitelateleatetetale catelcateatetateleateleateleata'ealatt 

Me OY 


WFRO02890 


Am29509/L509 
THREE-STATE 
TIMING DIAGRAM 


(HIGH LEVEL) 


3-STATE 
OUTPUT 


(LOW LEVEL) TpLz Tez. 
(DISABLE) (ENABLE) 


WFRO02900 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS | 


DRIVEN INPUT 


> 
F 
nN 
Se 
on 
oS 
i 
=~ 
. a 
3 


ICROO500 


Am29520/21 Multilevel pipeline registers 


; 04986C 
7-25 Refer to Page 13-1 for Essential Information on Military Devices 


Am29510/L510 


Am29510/L510 


16 X 16 Multiplier Accumulator 


DISTINCTIVE CHARACTERISTICS 


@ Uses two's complement or unsigned inputs and 
Round control 
Output register preload 
35-bit product accumulator result 
— 32-bit product 
- 3-bit extended product 


@ IMOXx™ processing 
- ECL internal circuitry for speed 
- TTL I/O, Single 5V Supply 
FAST 
- High speed version multiply accumulate time 80ns 
- Low power version multiply accumulate time 110ns 


GENERAL DESCRIPTION 


The Am29510 is a high-speed 16 x 16-bit multiplier/accu- 
mulator (MAC). The X and Y input registers accept 16-bit 
inputs in either two's complement or unsigned magnitude 
format. A third register stores the Two's Complement (TC), 
Round (RND), Accumulator (ACC), and Subtraction/Addi- 


tion (SUB/ADD) control bits. This register is clocked 


whenever the X or Y input registers are clocked. 


The 35-bit accumulator/output register contains the full 32- 
bit multiplier output which is sign extended or zero-filled 
based on the TC control bit. The accumulator can also be 


preloaded from an external source through the bidirectional 
P port. The operation of the accumulator is controlled by 


the signals ACC, (Accumulator), SUB/ADD (Subtraction/ 


Addition), and PREL (Preload). Each of the input registers 
and the output register has independent clocks. 


The Am29L510 is a low-power version of the Am29510. 
The Am29L510 consumes only one-half the power of its 
standard power counterpart while maintaining nearly two- 
thirds the speed. 


BLOCK DIAGRAM 


TC RND = Y/Py5-Y/Po 


ee ADD/SUBTRACT/PASS 
*Poaie ee rend 
REGISTER 


IMOX is a trademark of Advanced Micro Devices, Inc. 


BDR02280 
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CONNECTION DIAGRAM 
Top View 


Dual In-Line Leadiess Chip Carrier 


> 
3 
N 
© 
a 
sens | 
° 
“= 
r 
wi 
ae 
) 


LE, /OE, 
RND 
$UB/ADD 
ACC 
CLK, 
CLKy 
Am29510/L510 a 

LE, /OE, 
PREL 
LEy/OEy 


CDR04430 
CDR04440 


Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


Xi2 Xio Xe Xe Xq Xp Xp 

S60. 8. 1°38 
X43 | X49) Xq | X7 | Xs | Xg | Xy Yo: Po 
58 |60/62/64| 2/416 8 


Se VAS eS eS Se see 
1 3 | 
wt IT 


Tech 


ie 


15 Y7, P7 

16 GND 
17 Yg, Pg 

18 Y9, Pg 
19 Y10 Pio 

20 Y44; P44 
2142, Pio 


22 Y13) P43 
23 Vig: Pag 


ay 4 


u 


YS Ee Se ss. 24 Yi5, Pas 
ig i bs nol bolt bolt bal bl bal ba 


eeeeeraaaiiaayyas: | 


DIE SIZE: .291” x .258” 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29510/L510 P Cc B 
L__ Screening Option 
Blank - Standard 


Processing 


B — Burn-in (Note 1) 


Temperature (See eight © — 
C -—Commercial (0 to +70 
M - Military (-55 to Leer 


Package Code 
L. = 68-Pin Leadiess Chip Carrier 


D = 64-Pin Top-Brazed with Heat Sink - 
or 64-Pin Top-Brazed without Heat Sink 


P = 64-Pin Molded DIP* 


Device Type 
Multiplier Accumulator 


Note 1. 160-hour burn-in — 
Heat sink parts: Ta = 125°C 
Non-heat sink parts: Ta = 85°C 


7-28 


Valid Combinations 
Am29510. DC, DCB, DMB, 


LC, LMB, PC*, 


~ Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


03563B 
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PIN DESCRIPTION 


ee ene ee 


OLS 1/0LS6cwly 


Round 
When RND is High, a bit with a weight of P15 is added to the multiplier product. RND is loaded on the rising edge of 
CLKx or CLKy. 

TC . Two's Complement 
When High, the X and Y inputs are defined as two's complement data, or as unsigned data when Low. The TC 
control is loaded on the rising edge of CLKx or CLKy. 


PREL Preload 
When High, data is preloaded into the specific output register when its respective Load Enable is High. When Low, 


the accumulator register is available at the P-port when the Output Enables are Low. 


47 LEx/OEx Load Enable Extended/Output Enable Extended 
Active High Load Enable for the XTP port during preloading. Active Low three-state control for the XTP port during 
normal operation (see Preload Function). (TSX)** 
LEy/OEm Load Enable Most/Output Enable Most 
Active High Load Enable for the MSP port during preloading. Active Low three-state control for the MSP port 
during normal operation (see Preload Function). (TSM)** 


LE, /OE;, Load Enable Least/Output Enable Least 
Active High Load Enable for the LSP port during preloading. Active Low three-state control for the LSP port during 
normal operation (see Preload Function). (TSL)** 


CLKx, CLKy CLOCKS 
Load X and Y data respectively and TC, RND, ACC and SUB/ADD on the rising edge. 
CLKp CLOCK 
Loads data into the XTP, MSP and LSP registers on the rising edge. 
1-7, X45-Xo Multiplier Data Input 
56-64 Data is loaded into the X register on the rising edge of CLKx. 


8-15 Yi5-Yo /O | Bidirectional Port 
17-24 P15-Po Data is loaded into the Y register on the rising edge of CLKy. Product output for Least Significant Product (LSP) 


and input to preload LSP register. 


41-43 1/O | Bidirectional Port 
Product output for Extended Product (XTP) and input to preload XTP register. 


P31-Pi6 /O | Bidirectional Port 
Product output for the Most Significant Product (MSP) and input to preload MSP register. 


ACC Accumulate 
When High, the multiplier product is accumulated in the accumulator. When Low, the multiplier product is written 
into the accumulator (see Accumulator Function Table). The ACC control is loaded on the rising edge of CLK or 
CLKy. 


SUB/ADD Subtraction/Addition 
When High, the accumulator contents are subtracted from the multiplier product and the result written back into 
the accumulator. When Low, the multiplier product is added into the accumulator (see Accumulator Function 
Table). The SUB/ADD control is loaded on the rising edge of CLKx or CLKy. 


*DIP Configuration 
**TRW TDC1010 Pin Designation 


PRELOAD FUNCTION ACCUMULATOR FUNCTION TABLE 


OEx | OEm | OE: | xte | mse | isp 
0 0 Q Q Q 


0 


Bide eecnien 
Tepe [ao | sittec — 
Pa tx [x fe | Pred 


NNNNNNNNOOO 
NN YENNNNOONNDO 


anata at dit wt et OOoocododo 


Z 
Q 
Z 
Q 
Z 
Q 
4 
Z 
PL 
Z 
PL 
Z 
aS 
rd 
PL 


~~ st st OOOO HW | | = OOO 
—--—§ O0oO—-"00—" =| OO + = © 
=—=O-"0-"0-0-(0-'0-_ 0 — 


Z = output buffers at High impedance (disabled). 

Q = output buffers at Low impedance. Contents of 
output register available through output ports. 

PL = output disabled. Preload data supplied to the 
output pins will be loaded into the output register 
at the rising edge of CLKp. 
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DETAILED DESCRIPTION 


The Am29510 is a high-speed 16 x 16-bit multiplier/accumula- 
tor (MAC). It comprises a 16-bit parallel multiplier followed by a 
35-bit accumulator. Two 16-bit input registers are provided for 
the X and Y operands. A third register stores two control bits, 
TC and RND. TC selects either a two's complement or an 
unsigned magnitude format for both data inputs. The RND 
control, when High, causes a bit to be added to the multiplier 
product with the weight of P15. This causes the most 
significant 16-bits of the product to be rounded to the value 
nearest to the full 32-bit product. Using the RND control once 
during an accumulation causes the most significant 19-bits of 
the accumulator to be rounded to the value nearest the full 35- 
bit accumulation. The TC/RND register is clocked whenever 
the X or Y input registers are clocked. 


The 32-bit multiplier output is zero-filled or sign-extended as 
appropriate to provide a 35-bit input to the accumulator. The 
accumulator has four functions: the product may be loaded 
into the accumulator, the product may be added into the 


XIN 


16 14 13 12 144m A0%Os SBOE Ri 2B 5:6 ode (Sc! Eh 


-20 Q71 92 9°3 a4 25 96 o7 98 99 9°10 9-11 9-12 9-13 9-14 9-15 


(Sign) 


XIN 


9644-49 32 40-1 8 Os 7 BS 8 ae 2 


~215 914 913 912 oi 910 99 98 9! 96 26 94 93 92 91 90 
(Sign) 


XIN 


70-04 10 TE 1t 10 Oo O87 Ab 6 te ee He tO 


XIN 


13% 44093 42 1t.. 10. OO a 8 8 4B 2S HE 


215 914 913 912 911 910 579 58 97 76 95 94 93 92 91 90 


Am29510/L510 
INPUT FORMATS 


Fractional Two's Complement Input 


Unsigned Fractional Input 


Unsigned Integer Input 


accumulator value, the previous accumulator value may be 
subtracted from the product and the result stored in the 
accumulator or the accumulator may be preloaded from an 
external source. The operation of the accumulator is con- 
trolled by the signals ACC, SUB/ADD and PREL. ACC and 
SUB/ADD are stored in a register clocked whenever the X or 
Y registers are clocked. ACC in conjunction with SUB/ADD 
selects one of the first three accumulator functions (see 
Accumulator Function Table). For output and preloading 
purposes the accumulator is considered in three sections: 
Extended Product (XTP, P34-P39) controlled by LEx/OEx, 
Most Significant Product (MSP, P31-P16) controlled by LEjy/ 
OEwm and Least Significant Product (LSP, P15-Po) controlled 
by LE, /OE,. When PREL is Low these controls are active- 
Low Output Enables for three-state output buffers. When 
PREL is High the output buffers automatically become high 
impedance, and the controls operate as active-High Load 
Enables to the three sections of the accumulator to permit 
preloading of data applied to the bidirectional P port. The P- 
port has 35 bits, the least significant 16 of which share pins 
with the Y input. 


YIN 


182 TAGS] ae Oe OT GS 4S 21.0 


_20 971 92 °3 a4 9°5 9°6 o7 98 99 9°10 9-11 9-12 9-13 9-14 9-15 
(Sign) 


Integer Two's Complement input 


YIN 


16 14 413. .12::11- 10.9 8: To 6. 6.4 nee 
~215 914 913 gl2 911 910 99 28 9? 96 98 94 93 92 91 90 
(Sign) 


YIN 


1§ -14-$99242) 3143:10 9: 6 7-8 6s 4 OB 8 


971 9-2 93 9-4 9°5 96 9°7 98 9-9 9-10 9-11 9-12 9-13 9-14 5-15 9-16 


YIN 


18 14.:13 <12::44300:} Oe 6° 72-6; 6: 41-3 21 0 


915 914 913 p12 911 910 99 98 97 96 95 4 93 52 91 20 
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f Am29510/L510 
OUTPUT FORMATS 


Two's Complement Fractional Output 


OLS T/0LS6cwiy 


XTP MSP LSP 


31 30 29 28 27 26 25 24 23 2221 20 19 18 17 16| [15 14 13 1211109 8765 4 3 2 71 0 


¥ 94 93 92 91 90 91 92 93 9-4 95 96 a7 78 29 9°10 oii 9°12 9°13 g14 9°15 916 9°17 9°18 9°19 9°20 9°21 9°22 9°23 9°24 9°25 9°26 9°27 9°28 9°29 9°30 
(Sign) 
Two's Complement Integer Output 


XTP MSP LSP 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16] [15 14 13 12 11109876543210 
984 33 982 931 930 929 428 927 926 925 92h 423 22 421 720 919 918 917 16 915 9141913 912 911 910 90 98 97 46 95 94 99 92 v1 90 
(Sign) 

Unsigned Fractional Output 


XTP MSP : ‘ LSP 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16] [15 14 13 12 11109 8 7 65 43 2140 


92 91 90 91 g2 9°3 a4 95 96 Q7 98 9°9 9°10 gt 92 9°13 9-14 9°15 9°16 o°1 7 9°18 9°19 9°20 9°21 9°22 9°23 9°24 9°25 9°26 9°27 9°28 9°29 9°30 9°31 9°32 
Unsigned Integer Output 


XTP MSP LSP , 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16] [15 14 139 12 1110987654321 0 


PA 2 Pee PY gO eB Ft 8 a or ee eee ee | ol? gt ot eh ll on ae aol Cet 2S ee i 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ................ccceee ee ee es -65 to + 150°C 
Temperature Under Bias-Tc ................... -55 to +125°C 
Supply Voltage to Ground Potential 

NUP Sos cave dic ck paanenilice vances scecvascues -0.5 to +7.0V 
DC Voltage Applied to Outputs For 

High Output State ....................... -0.5V to +Voc max 
Eee VONUNEIE cronrascesccscce singer esapebreneaen -0.5 to +5.5V 
DC Output Current, Into Outputs ....................00000. 30mA 
POG SUE CANYIORNE ch vases cc adecs SiceticasAhacites -30 to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 


OPERATING RANGES 


Commercial (C) Devices 


Temperature 
Bie cag Wis im kak s vues D0 oe'td ea carap es Ta =0 to +70°C 
EAD RADVIOU Ginisccack csi cisencctussnasever To =0 to +85°C 
ONY MOND sors ais who vig os se va casevcnes 4.75V to 5.25V 
Military (M) Devices 
Temperature .............cccceeeeeees To = -55°C to +125°C 
SUDHy- VONAIS isn: kencane chp chan dhardanedapedn008 4.5V to 5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
Am29510 


= va [om a [om 
Voc = MIN ae! Ae 

on omavorvonm [ey Tore gh [om 
Voc = MIN zs 

a eC > Ba WS 


[Vin [input HIGH Level | Gueranteed input logical HIGH voltage for al ng Gh | | | Vote | 
ee CA a } Se 
i" 


a a eae 
| ins Input LOW Current Voc = MAX, Vin =0.4V a Ua ae 
ene ent [Wee nce % 
oe Mo coe Sas a iv \ 


lores 5 Off State (High Impedance) se : 
Pe es Cas || 0 | me 
maw jum. |. [ml 
are TT To 
: (Note 4) 
T 70°C 
A= +70° 
(Note 4) 725 
: [Toco=-55to+125°C | =| ——|_ 1000 | 
sarees Svs aa! 2 eee ee See Fr 


. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Chip Carriers: Ta = 85°C. 
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DC CHARACTERISTICS over operating range unless otherwise specified 


Am29L510 
Description Test Conditions (Note 1) 


So ve RS 


Input HIGH Level Guaranteed input logical HIGH voltage fd 


VIL Input LOW Level 


Vy ~ | Input Clamp Voltage : 
IL Input LOW Current | Voc = MAX, Win <6 
Input HIGH Current | Vagies MAX, Vin= 2a 


Off State (High Impede z ha ait 
: : ‘ 


lo. = 4.0mA 


Guaranteed input logical L 
voltage for all inputs o 


lozt - : 


COM'L and MIL 


Ta =0 to +70°C 
Note 4 
COM'L Only Voc = Max \ 
Ta = + 70°C 
(Note 4) 
Toc = -55 to + 125°C 
MiL Only Vec = Max Toc = + 125°C 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Chip Carriers, To = 85°C. 


Power Supply Current 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified | | 
MILITARY 


es x 
Conditions | (Note 1) Max 


[iva [Multiply Accumulate Time 

——— Xj, Y, RND, TC, ACC, SUB/ADD 
Set-up Time 

en 2 | Xi, Yj, RND, TC, ACC, SUB/ADD 
Hold Time 

is _|PREL Setup Time 

PON 

ce east 


Output Clock to P 
Output Clock to Y 


LEx/OEx, LEy/OEm 
to P, LE, /OE. 
to Y Disable Time 
LEx/OEx, LEm/OEm 
to P, LE, / 

DV Ene time [2 19 Low 
Relative Hold Time 


Test 
Conditions 


“up 
tH X;, Yj, RND, TC, ACC, SUB/ADD 
Hold Time 


LEx/OEx, LEm/OEm 
to P, LE, /OEL 
to Y Disable Time 

LEx/OEx, LEy/OEm 
to P, LE, /OEL 
to Y Enable Time 


Relative Hold Time 


Note: 1. Typical limits are Voc = 5V and Ta = 28°C. 
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Normal Load 


TCRO1270 


SWITCHING TEST CIRCUIT 


Three-State Delay Load 


TCRO1280 


SWITCHING TEST WAVEFORMS 


SET-UP AND HOLD TIME 


oars MYA ee VY a 
mer WW AYAYAYATAYA 
a — 


WFR02970 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross hatched area is don't care condition. 
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WFR02810 


PULSE WIDTH 


WFRO02850 
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Am29510/L510 


CLKy 


INPUT 
9,9,9,9,9,9,9,9.9,9,9,9 


Xi, Vj SOQ 
Vi ARR 
RIND, TC SYK Ky 
te YY 
ACC, SUB/ADD CAAA 


KOKORO KKK KKK KKK 
1eelatclelcletetetetctatatctetate’s 
YX KKKKK KKK KKK) 


YY 


Am29510/L510 
TIMING DIAGRAMS 


SELLE CECE EE. MO OOKOOOOOOOOOOIOOOOOR OI OOKICX) 
ROR RRR RRRKKKKRKK 
KKK KKK KKK KKK KKK KKK KKK KX KKK KKK KKK) 


OA AAA A AAA AAA 


Twa 


WFR02820 


Am29510/L510 
PRELOAD TIMING DIAGRAM 


DX XXX XKOOOOOOOIOKOOIO OOK KK KKK KKK KK KKK KKK) 
OK KKK KKK KKK KKK KKK KKK KIKI KKK KKK IKI 
ERK KKK KKK KKK KKK KKK KK KIKI 
ON SO SS 

OA AA AAA) 


WFR02830 


Am29510/L510 
THREE-STATE 
TIMING DIAGRAM 


WFR02840 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT 


> 
3 
N 
© 
ni 
ead, 
) 
~ 
ae 
on 
soak, 
° 


ICRO0490 


RELATED PRODUCTS 


Description 


Am29526/527 High speed Sine function 
generator 


Am29528/529 High Speed Cosine function 
generator 


Am29540 Programmable FFT address 
| sequencer 


Am29520/21 Multilevel pipeline registers 
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Am29516/17 Family 


tet Sekt eS are 


‘Am29516/17 Family 


16 x 16-Bit Parallel Multipliers 


High speed 16x 16 multiplier 
Two's complement, unsigned or mixed operands 

Full product multiplexed at output 

Improved speed: 38ns clocked multiply (A devices) 
Reduced power dissipation: 2W (L devices) 


The Am29516 and Am29517 are high speed parallel 16 x 
16-bit multipliers utilizing internal ECL logic to generate a 
32-bit product. 17-bit input registers are provided for the X 
and Y operands and their associated mode controls Xy 
and Yxy. These mode controls are used to specify the 
operands as two's complement or unsigned numbers. 


At the output of the multiplier array, a format adjust control 
(FA), allows the user to select either a full 32-bit product or 
a left-shifted 31-bit product suitable for two's complement 
only. 


Two 16-bit output registers are provided to hold the most 


and least significant halves of the product (MSP and LSP) 


as defined by FA. For asynchronous output, these registers 
may be made transparent by taking the feedthrough control 
(FT) high. A round control (RND) allows the rounding of the 
MSP; this control is registered, and is entered whenever 
either input register is clocked. 


The two halves of the product may be routed to a 16-bit 3- 
state output port (P) via a multiplexer, and in addition, the 


Am29516/29516A/29L516 


FORMAT ADJUST 
usp isp 
REGISTER REGISTER 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


@ Am29516 pin and functionally compatible with TRW 
MPY-16HJ — Am29517 optimized for microprogram- 
ming, single clock with register enables 

@ TTL |/O-single +5V supply - 64-pin package 


LSP is connected to the Y-input port through a separate 
three-state buffer. 


The Am29516 X, Y, MSP and LSP registers have indepen- 
dent clocks (CLKX, CLKY, CLKM, CLKL). The output 
multiplexer control (MSPSEL) uses a pin which is a supply 
ground in the TRW MPY 16HJ. When this control is LOW 
the function is that of the MPY16HJ, thus allowing full 
compatibility. 


The Am29517 differs in that it has a single clock input 
(CLK) and three register enables (ENX, ENY, ENP) for the 
two input registers and the entire product, respectively. This 
facilitates the use of the part in microprogrammed systems. 
in both parts data is entered into the registers on the 
positive edge of the clock. 


The Am29516A and Am29517A are higher speed versions 
of the Am29516 and Am29517, respectively, offering great- 
er than 40% speed improvement while the Am29L516 and 
Am29L517 low-power versions consume only one-half the 
power of their standard power counterparts. 


Am29517/29517A/29L517 


eee 
REGISTER REGISTER 
PE 


BD002850 


03562C 


7-38 Refer to Page 13-1 for Essential Information on Military Devices 


RELATED PRODUCTS 
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Am29516/17 Family 


SSeaneaanrwn- 


: oe e - A = he wae 


CONNECTION DIAGRAM 


Vis: Pis 


BREeseSess 2sSPtFEFEGSSESSLRSLKESAVSSSSREE 


CDR04380 


CDR04410 


METALLIZATION AND PAD LAYOUT 
Am29516A/29L516/29516 


QOnNOMWLwn— 


STANDARD DEVICE DIE SIZE: 250 X 222 MILS 
'A' DEVICE DIE SIZE: 178 X 190 MILS 
'L' DEVICE DIE SIZE: 250 X 222 MILS 
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CONNECTION DIAGRAM 
Top View 


> 
3 
N 
© 
un 
vad 
® 
~ 
osc 
N 
Ti 
9 
3. 
< 


2282 


Soe @anrenaewqanrn = 


ee? 
St 
S28 


° 
= 
= 
oe 


v 
g 
< 
a 
-_ 
a 


? 
Ps 
= 
nr 


P95, Yo 18 
Pio, Y19. «19 
P31, ¥14 20 
Pi2,Vi2 24 
P13. Y13. 22 
Pia. Vig 23 


BERRYESstegeasssssrgeraegageses 


Pas, Vis 24 ENP 

Po, Pig 25 P31, Pis 
Py, P17 26 P30, P14 
P2, Pye 27 P29, P43 
P3, Pig 2% P28, P12 
P4, Pag 29 Po7, Pry 
Ps, Po- 30 P26, Pio 
Pg, P22 31 P25, Pg 
P7 P23 32 P24, Pg 


CDR04390 ‘ Try | CDR04400 


METALLIZATION AND PAD LAYOUT 
Am29517A/29L517/29517 


- 


ONOnehwn-— 


a 


STANDARD DEVICE DIE SIZE: 250 X 222 MILS 
'A' DEVICE DIE SIZE: 178 X 190 MILS 
'L' DEVICE DIE SIZE: 250 X 222 MILS 
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Am29516/17 Family 


Xig 40 
Xy 8 
Xs «51 
CLKX 52 
RAND 5&3 
XM 54 
YM 55 
+Voc 6 
+Voco «(57 
GND 58 
GND 58 
@SPSEL 60 
FT 61 
FA 62 
OEP 63 
CLKM 64 


PIN 1 INDICATOR MARK 


F-64-3S 
$F <seceescls 4 
48 47 42 41 40 30 38 37 36 96 34 33 


Am29516 
123 485 67 8 9 0 11t 12 13 1415 6 
bh - es: es: ae * ee  cT7™Tvu VTVTVUUelUthlUG!TCUmD 
a a a ee a ee ee eee 
PPP PP PIP ISIIIF PIF 


TSSBVEBBRERREVURBBVsss 


Py, Yo 
Py Vy 
Po, Y2 
Pg, Ys 
Py, Vg 
Ps, Ys 
Pe, Ye 
Py, Y7 
Ps, Ye 
Po. Yo 
Pio Vi0 
Pay, Vay 
Pia Vi2 
Poa, Yi3 
Pra Vig 
Pas, Vig 


CDR04370 
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ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


DC, DCB, DMB - 
with heat sink 
FMB, LMB - 
without heat sink 
DC, DCB, DMB - 
with heat sink 


Am29516 Poe 


Screening Option 

Blank - Standard processing 

B — Burn-in (Note 1) 
Temperature (see Operating Range) 


C - Commercial (0 to + 70°C) 
M- Military (-55 to + 125°C) 


Package 
D - TD-64-2 (64-pin CERDIP) - 
with heat sink*~. 
F — F-64-35 (64-pin flatpak) 
L = L-68-3 (68-TERMINAL 
Chip Carrier) | 
P 64-pin Molded DIP 


Speed Select 
38ns = 29516A, 29517A 
65ns = 29516, 29517 
90ns = 29L516, 291517 


Ajtwey Z1/91s6zuy 


Am29517 
Am29516A LMB — 


Am29517A without heat sink 


Am29L.516 PC, PCB, DC, DCB, 
Am29L517_ | OM, DMB, LMB 
without heat sink 


Valid Combinations 


Device Type Consult the AMD sales office in your area to 
29516, 29516A determine if a device is currently available in the 
29517, 29517A combination you wish. 


29L516, 291517 


*TD-64-1 (64-pin CERDIP) without heat sink 
for Low-Power versions 


Note 1. 160-hour burn-in —- 


Heat sink parts: Ta = 125°C 
Non-heat sink parts: Ta = 85°C 7 
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Am29516/17 Family 


PIN DESCRIPTION 


Format adjust control selects either a full 32-bit product (HIGH) or a left shifted 31-bit product with the sign bit 
replicated in the LSP (LOW). This control is normally high, except for certain fractional two's complement 
applications. (See Multiplier output formats table.) 


Feedthrough control (HIGH) makes both MSP and LSP registers transparent. 
[MSPSEL | | | Selects either MSP (LOW) or LSP (HIGH) to be available at the product output port. 


Control for rounding the MSP. Adds a binary one to the most significant bit of the LSP for two's complement and 
unsigned numbers. 


| 42‘ [OEP (TRIM)** |_| _| Three-state enable for product output port. 
r 6 _[OEL(TRIL)** | | _| Three-state enable for routing LSP through Y input/output port. 


Register Clock, X15-0, Xm, RND 
Register Clock, Yi5-0, Ym, RND 
MSP Register Clock 
LSP Register Clock 


Am29517 ONLY 


7, 53 CLK Clock, All Registers 

8, 41 ENX Register Enable, X15-0, Xm, RND 
ENY Register Enable, Yi5-0, Ym, AND 
ENP Register Enable MSP, LSP 


*DIP Configuration 
**TRW MPY 16HJ pin designation 


INPUT FORMATS 
(All Devices) 


Fractional Two's Complement Input Format 
Xm, YM= 1 


XIN YIN 
1 34 AS Ee AG, Go BP 8 6 a See SS 185-145-195. 10 44: 16:29: 87 6 8 488 2 1 8 
_20 71 972 9°3 a4 95 96 a7 98 9°9 9°10 9-11 9-12 9-13 9-14 9-15 20 971 92 93 a4 9°5 96 q7 98 99 9°10 9-11 9-12 9-13 9-14 9-15 
(Sign) (Sign) 


integer Two's Complement Input Format 
Xm, Yu = 1 


XIN YIN 


-215 914 913 912 911 910 99 98 97 96 95 94 93 92 91 90 -215 914 913 12 911 910 59 78 97 9 95 94 93 92 91 90 
(Sign) (Sign) 
Unsigned Fractional Input Format 
Xm. Ym =0 
XIN YIN 


a6 44-48 12 40 40 8 87 He eet 8 6-048 1A Ie: 6 8 8. SS 8 tS 


ol 9-2 93 94 95 96 o7 98 99 9710 9-11 9-12 9-13 9-14 9-15 9-16 g1 92 o3 94 9°5 96 97 98 99 9°10 9-11 9-12 9-13 9-14 9-15 9-16 


Unsigned Integer Input Format 
Xm, Ym =O 
XIN YIN 


16 44548 2. 41 10-9 6. 7-6. 5 4 8 eT <0 16-44-10 42 10-4008 8. 78 SA 8 1 0 


915 914 913 912 gil 910 99 98 2? 96 95 94 93 92 2! 90 915 914 913 912 911 910 99 98 97 96 25 94 93 92 91 70 
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OUTPUT FORMATS 
(All Devices) 


Fractional 2's Complement (Shifted)* Output 
FA=0 
MSP LSP 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 m9, AS We Wl 10 Oo 8 er ee ag eee 


& 90 Q°1 9-2 9°3 o-4 9°5 26 7 98 9°9 9°10 oi 9°12 9°13 9°14 9°15 Sy 20 2°16 9°17 9-18 9°19 9°20 9°21 9-22 9°23 9724 9°25 9°26 9-27 9°28 9°29 9°30 
(Sign) : (Sign) 


Fractional 2's Complement Output 
FA=1 
MSP LSP 


-24 20 at 22 9S 24 25 26 a7 9B 99 p10 911 9129-13 5-14 9-15 9-16 9-17 9-18 9-19 9-20 9-21 9-22 9-23 5-24 9-25 9-26 9:27 9-28 n-29 9-30 
(Sign) 
Integer Two's Complement Output 
FA=1 
MSP LSP 


~ 231930 929 928 927 926 925 924 923 922 921 920 919 918 917 916 215 914 213 912 oii 910 99 28 af 96 95 94 93 92 91 90 
(Sign) 
Unsigned Fractional Output 
FA = 1 
MSP LSP 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 702 167 1942240010 (98 6 SP BBE Ames 2. 1 0 
a1 92 9°53 94 95 96 a7 98 9°9 9-10-11 9-12 9°13 9-14 9-15 5-16 9°17 9-18 9-19 9-20 9-21 5-22 5-23 9°24 9-25 5-26 5-27 5-28 9°29 9-30 9-31 5-32 


‘Unsigned Integer Output 
FA=1 
MSP LSP 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 A Se OA A OB FO Be a ee ee 


231 280 229 228 227 426 525 224 523 522 521 520 519 918 p17 p16 915 914 913 912 911 910 29 98 27 96 95 pf 93 92 91 90 


“In this format an overflow occurs in the attemped multiplication of the two's complement number 
1.000...(-1) with itself, yielding a product of 1.000... or -1. 
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Ajwwey 21 /9LS¢6z7wWYy 


Am29516/17 Family 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ............cceeceeeee enews -65 to + 150°C 
Supply Voltage to Ground Potential 

RING coi ss vnc isn cota eey tet ieth c) bave soe vesa -0.5 to +7.0V 
DC Voltage Applied to Outputs For 

rian Output State’. ..3ccs<csenss cess -0.5V to +Vcc max 
GS IE OIG occa case rgc says s+ cp snes ems -0.5 to +5.5V 
DC Output Current, Into Outputs ................cceee eee 


EAs MIMIIT-CANTOUIU 6 ccc cs Pecan Pevesdosscbeocstes 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Peer euPoaT aa ovine Ooekdaeetd Ta = 0°C to +70°C 
Chil: Carre soos facie coe chesacsn vas To =0°C to 85°C 
Supply VOWNAGS so... scccvccensecesssnseavs +4.75V to +5.25V 


Military (M) Devices 
Temperature ....... ic tec sAdtas Sao -55°C to +125°C 
SUG VONAIS 5. occ docs eeasandctsceverssens +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
Am29516/29517 


Vv Voc = MIN 
OH Output HIGH Voltage Vin = Vig or: Vin lon = -0.4mMA 2.7 Volts 
conan ieee fae ee 


Vin [neat HIGH Level | Guaranteed input logical HIGH voltage for al mpute_ | 20 | |_| Vos 
Vit [input LOW Level | Guaranteed input logical LOW voltage for all mputs |_| | 8 | Vote 
Cv | leput Giamp Votage[Voo=MIN Iu=-temaSSSSCSC~SCSCSC*dSCSC~C*‘dSCW485 Vt | 
ri apa LOW Go Moor ON a 
i oe ON Gee Voom rd 
Chas nou HH Gunent Se | Voom Vee On a ee ete 
Tiozn | Off State High Impedance) | yo = WoROAN, 3, Bl te ody + oe 
a ee ee ee el 


Output Short Circuit Current ES ps 
oe feria [urea fvorr [| |e fm 


RftlY <a eee. OS ee 

Cie neat ae 

Power Supply Current Voc = MAX LT, SOG (pte Ap RO 

je wate 9 cl Lame rere Sy 
Voc = MAX PASS See ee eee Se 


Notes: 1. Typical limits are at Voc = 5.0V, + 25°C ambient and maximum loading. 

2. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
3. OEP and OEL LOW with all product (MSP and LSP) bits LOW. 

4. Chip Carriers: To = 85°C. 
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“Soe Si ed! OLE Fes _ = 3 is. : , ‘ \ 


DC CHARACTERISTICS over operating range unless otherwise specified 
Am29516A/29L516/Am29517A/29L517 


Ayes 2L/9LS6zuly 


| Vin «Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 
Input LOW Level Guaranteed input logical LOW voltage for all inputs 


[a [ewe ion vine SEWN yy imeem | ep 
Vix ae eee 
input Clamp Voltage Voc = MIN, iy = =16mA a 


Fic | | input LOW Curent Veo~ Ma Vale Oa¥ ee oe ed 

Tw [input HIGH Current Noa MAG Var @A ee ae ge 

Eh | et HIGH Curent] do MA ng SR ae 

se aes sa ee Riga aa fe er ae 

Output Current _| Voc= MAX Nom nav er oe | 
SER SOI Yiceewe vem vow fe [fm | 


A Devi 


| nee : eee 
i ar 
EE Ta =0 to +70°C 800 
Tang rv pues i fant oMeei Gap Taoee 
oor on i ener mee Ge 
hee ee ee i Pee Ser rs 
[A Devi imate fees 2 
ak: thesis To =-55 to +125°C i Devicos aegis 
are See 
wre eter 


Voc = MAX 
Too = + 125°C L Devices 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
3. and OEL LOW with all product (MSP and LSP) bits LOW. 
4. Chip Carriers: To = 85°C. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) 
Am29516/29517 


elglele 
i 


3/2 


Parameters Description Conditions Typ | min | Max | | min | Max | 
[tuuc___—_——|Unclocked Multiply Time ie. a) ieee Oe ae Es es as 
liuc____———([Clocked Multiply Time 28, 5 Gee BS OR SRS PE a Be 
= - SS 
BER cee. Sn ee Be Se are ae 
eae oe Pues Wt fe a a 
oe ee ee 
MISPSEL to Product Out oo ee ee ee 
‘tepp_——*|Output Clock toP Me ee OE ae ee 
Se. Seas a ee a aes 
3 HeH2__oe ojsabio Time (oS pe ee 
ig a a ee ee ke a as a 
RE a ee ee ed ee ee 
eat ode | ee 
NE ee ie Bae 2 ee ae. ad ies es. 
i eee bee ie es Seen ae Bees ee es Be 
L. Z to High Be. es Ee ee Ps a es 
ets See SE Bee Gee a 
ee 
(Am29517 Only) 
pe eee 
tHCL Relative to CLKML (See Note 2) 
(Am29516 Only) 


Notes: 1. Switching Characteristics are measured and guaranteed for Ta as specified with 200 Lf/min flowing across the device. 
2. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before 
the output registers have been clocked. 
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Am29516/17 Family 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) 
Am29L516/29L517 


[comencian—[ WTARY 
Test 

elect | git a oe ie eT 
Fwuc__[Unelocked Multiply Time ee a ee ee 
Meer ay oe ee 
MSc [ACES ee cal a 
ae A ee PRESS 2282 ES eR BB 2 ee 
OT ee ee 
'tewH _|Clock Pulse Width High Pe ef 
eae 212 a ee Ba ee ee 
ar ee ee pee co aoe ee ae 
'tppp __—_—«(Output Clock toP Sc Sena a eee Ges ee. oe 
nee AM a re 
ee ee | ee Pe Meio eee 
we 8S Re ee ee ae ee 
pet _logs enable me eo) SO ee BR ee. ee 
Z to Low ag ec 9 Ces i ee ee es BS ee 
a SS aS ee os ce Se SS ee Se a ee ee 
wale Tene | _|Low B-2 as SS Be ee eee a ee ee 
oo a oe re ee ee ee ee ee 
fantom ina CP 2 Se SS Secs on 0 
ee ee ee 

(Am29L517 Only) 

Clock Enable Hold Ti 
tHCL Relative to CLKML (See Note 2) . 

(Am29L516 Only) 


Notes: 1. Switching Characteristics are measured and guaranteed for Ta as specified with 200 Lf/min flowing across the device. 
2. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before 
the output registers have been clocked. 


*PRELIMINARY 


03562C 
7-48 Refer to Page 13-1 for Essential Information on Military Devices 


SWITCHING CHARACTERISTICS over — range unless otherwise specified (Note 1) 


Am29516A/517A 


Test 
Desen Conditions 


Tuc [Unclocked Mutiply Time 
ts | ¥, Setup Time 
Xj, Yj, Hold Time 

fu [AND Hold Time 


on SE 


OEP Enable Time 


Parameters 


ese 


g 


pa 


(Am2951 r Only) 


Clock Enable Hold Time 
(Am29517A Only) 


Clock Low Hold Time CLKXY 
Relative to CLKML (See Note 2) 
(Am29516A Only) 


Notes:1. Switching Characteristics are measured and guaranteed for Ta as 


tHCL 


7) 
fe) 
= 
& 
m 
PY 
© 
& 
ark 


MILITARY 


—_—] 
“NIN 


_ 
| 


ae 


— 
GN 


2. To ensure that the correct product is entered in the output registers, new da 


the output registers have been clocked. 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 


1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 


2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 


3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 


7-49 


cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vj, 
or Vi until the noise has settled. AMD recommends using 
Vit S0.0V and Vip 23.0V for AC tests. 


5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 


6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs under license. 
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Am29516/17 Family 


SWITCHING TEST CIRCUIT 
Normal Load (Load 1) Three-State Delay Load (Load 2) 


Vy 


TCRO1250 


TEST WAVEFORMS 
(All Devices) 


WFR02780 


SETUP AND HOLD TIME | PULSE WIDTH 
(All Devices) (All Devices) 


os WWW A 
a A" 
Z a 


WFRO02850 
WFR02970 
Notes: 1. Diagram shown for HIGH data only. Output tran- 


sition may be opposite sense. 
2. Cross hatched area is don't care condition. 
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THREE-STATE TIMING DIAGRAM 
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TIMING DIAGRAM 
Am29516/29516A/29L516 


=" 
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INPUT AAA 
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RND YOY 
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Am29516/17 Family 


TIMING DIAGRAM 
Am29517/29517A/29L517 
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Tmuc 
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INPUT/OUPUT CURRENT INTERFACE CONDITIONS 
(All Devices) 


DRIVING OUTPUT ; DRIVEN INPUT 


ICRO0480 
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SIMPLIFIED TIMING DIAGRAM 
TYPICAL APPLICATION 


Aywey ZL /9LS6cwy 


0 5 RECEIVE MSP OR LSP 4 


DATA INPUT DATA OUTPUT 
TO X, Y TO MSP, LSP 
REGISTERS REGISTERS 


— pen Twee (am2o5i6) 


r ) a RECEIVE MSP OR LSP = 
DATA INPUT DATA OUTPUT 
TOX,Y | TO MSP, LSP 
REGISTERS REGISTERS 
AFRO1700 
03562C 
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Am29520/Am29521 


Am29520/Am29521 


Multilevel Pipeline Registers 


DISTINCTIVE CHARACTERISTICS 


@ Four 8-bit high speed registers 

@ Dual two-level or single four-level push-only stack oper- 
ation 

@ All registers available at multiplexed output 


@ Hold, transfer and load instructions 
@ Provides temporary address or data storage 
@ 24-pin 0.3” package 


GENERAL DESCRIPTION 


The Am29520 and Am29521 each contain four 8-bit 
positive edge-triggered registers. These may be operated 
as a dual 2-level pipeline or as a single 4-level pipeline. A 


single 8-bit input is provided and any of the four registers is 


available at the 8-bit, 3-state output. 


The Am29520 and Am29521 differ only in the way data is 
loaded into and between the registers in dual 2-level 


operation. This difference is illustrated in Figure 1. In the 
Am29520 when data is entered into the first level (| - 2 or 
1-1) the existing data in the first level is moved to the 
second level. In the Am29521 these instructions simply 
cause the data in the first level to be overwritten. Transfer 
of data to the second level is achieved using the 4-level 
shift instruction (I = 0). This transfer also causes the first 
level to change. In either part |=3 is a HLD. 


BLOCK DIAGRAM 


REGISTER 
CONTROL* 


OCTAL REG A1 


OCTAL | OCTAL REG ar B1 


ocraL nec 82 REG B2 


BDR02270 


“Multilevel Pipeline Register 
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CONNECTION DIAGRAM 
Top View 


> 
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RO 

© 

(3 

RD 

© 

=~ 

> 

3 

D-24-SLIM 4 

, (4) 
RO 
wml 


Vec 
Spo (MUX SEL) 
S; (MUX SEL) 


CDR04470 


Note: Pin 1 is marked for orientation 


Figure 1. 
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METALLIZATION AND PAD LAYOUT 
‘CHIP TOPOGRAPHY 
Am29520/21 


(INSTRUCTION) Ip Sp (MUX SEL) 
(INSTRUCTION) | $1 (MUX SEL) 
Do —— Yo 


Am29520/Am29521 


DIE SIZE: 0.117” x 0.131” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29520/21 ia Cc B . Valid Combinations 
— Screening Option | Am29520 DC, DCB, DM, 
Blank -— Standard processing Am29521 DMB 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0 to + 70°C) 


M - Military (-55 to +125°C) 


Package 
D- 24-pin SLIM Valid Combinations 
Consult the AMD sales office in your area to 
Device Type determine if a device is currently available in the 
Multilevel Pipeline Registers combination you wish. 
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*DIP Configuration 


APPLICATIONS 


The IMOX™ Am29520 and Am29521 multilevel pipeline 
registers are specifically designed as a: temporary address 
storing register for array processing and digital signal process- 
ing applications using the Am29500 Family. 


In AP/DSP applications a single data address may be used a 
multiple number of times. The multilevel pipeline register 
allows saving addresses within its registers for use at a later 
time. 


Below are a number of applications where the use of a 
multilevel pipeline register can be implemented. 


CLOCK CONTROLLER, BYTE-WIDE DELAY 
LINE/SHIFT REGISTER 


The Am29520/21 can be utilized as a byte-wide shift register 
capable of delaying a byte of data from one to four clock 
cycles. The number of delay cycles is controlled by the So, S; 


Am29500 PROCESSOR 


Host 


Sine/Cosine 
Function Generators _ 
Am29526/27 
Am29528/29 


Microprogrammed 
Contro! Unit 
Am27S835/2910A/29112 


PIN DESCRIPTION 


Name _| /0 


control inputs and can be changed by the user without 
interrupting the data flow. 


ANALOG/DIGITAL BUFFER 


In the example shown in Figure 2 the Am29520/21 acts as a 
4-byte buffer between an A/D converter and a controller (or 
microprocessor). Four digitized samples are sequentially 
stored in the Am29520/21 from the A/D converter. This is 
accomplished by applying a READ control input to the clock 
input of the Am29520/21 as well as to the READ input of the 
A/D. Since | = 0, the data output from the A/D will be stored in 
the Am29520/21 as shown in Figure 3. 


While the fifth sample is being acquired by the A/D, the 
controller will read all registers of the Am29520/21 by 
manipulating So, S;. Note that the three-state output (con- 
trolled by OE) can be tied directly to a microprocessor bus and 
that the registers of the Am29520/21 can be easily memory 
mapped. 


BD002711 
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Am29520/Am29521 


Figure 2. A/D Buffer 


Figure 3. A/D Buffer Timing 


READ INPUT 


«TIT, — ee [se 

MT (ee 
LiL aaa ia 
OD K:.M | a 


So, Sy UT 
(\ 
anes esata 
AFRO1710 


The A/D will acquire four more samples before the Am29520/21 registers need to be read. 


n | modes and 2. While ere ger piping ge nd Bo, the micropro n be rea 


~ oe that the delice Ms n be simulta d. A two byte ping-pong memo es at able by 
tching betw 


ss ers Aj Sed as 


so, note that the Am29520/21 i sily cascadable in width for applications involving 12-bit and 16-bit A/D converters. 


ding 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to + 150°C Commercial (C) Devices 
Temperature Under Bias-Tco -55 to +125°C Temperature Ta = 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage +4.75V to +5.25V 
Continuous -0.5 to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Voc max 
DC Input Voltage -0.5 to +5.5V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM | 
RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


Military (M) Devices 
Temperature To = -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


Les6cwiy /0zcSsé6zculy 


ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 1) min | ba 2) Max | Unite 
Output HIGH Voltage Voc = MIN loH = -6.5MA_(COM'L) i Volts 
Vin= Vin or Vit | lon =-2.0mA (MIL) Bes be 
Output LOW Voltage Voc = MIN lo. = 12mA ae Volts 
Vin = Vin oF Vit___| lo. = 20mA prone Pores Ss 
Guaranteed input logical HIGH 
Pv | Input HIGH Level voltage for all inputs’ 
Guaranteed input logical LOW 
— Input LOW Level voltage for all inputs 


Wen Caine, Vonigg = 8" TGCS MIN Wg NO ate 
hs staal Nei SR BY Te 
Ober Inputs sf te 
Ac Abs colasBPGs 
ES ONTO EE Ss 


caer Input LOW Current Voc = MAX, Vin = 0.5V | Other Inputs 


Input HIGH Current Voc = MAX, Vin = 2.7V 
Input HIGH Current Voc = MAX, Vin = 5.5V 


lozH Off State (High Impedance) | y . max VoRe lo. a ba 
loz Output Current Vorewvet [ee 


ae ee 
| FROME wid Mite [Tanase aa aed 
COM'L Only Ta =0 to +70°C peor et ae 
——[Remrgemome — [veceune aceon | 
eee ML Oniy fo=-s8 wo sseee | | Si 20 
Voc = MAX poe #1266 foo) oifatad neh 160 


. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. All inputs LOW. 
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Am29520/Am29521 


PULSE WIDTH 


LOW-HIGH-LOW __ 
PULSE 


HIGH-LOW-HIGH __ 
PULSE 


WFRO2850 


SET-UP AND HOLD TIME 


vara _ VWVVVVV WW 
pis WW AAA re 
= 22, s 


WFR02970 


Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense. 
2. Cross hatched area is don't care condition. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


/ MILITARY ol 
Olock to Data Output coe ae as 
ose — So, Si to Data SSS 
ae limes Beige ee 
ee 
inaiviiction (Register LaQuke cigars GIO! 4 auom@Ontotgnbs ont | 
'ty _| Enable) to Clock BG, A ops pee hee Holes (EES eke Bonk be 
a ee as a es es Se es es ee ee ee ee 
“ges eae ee es ee ee eS a aes ee See ee ee 
fom ee to Om | Bats Se eee a See ee. Se ee 
Be Sed ee ee eee ee ee 
Clock Pulse C, = 50pF 10 
Width HIGH ie 
om [ese cls me ae 
PWL Width LOW 


Note: Please refer to Guidelines for Testing Am2900 Family Devices in Section 13 of this data book. 
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SWITCHING TEST CIRCUIT 


SWITCHING TEST CIRCUITS FOR DELAY MEASUREMENTS 


Voc 


TCRO1310 


*Ci = 50pF for all tpp, tzH and tz, 
C. = 5pF for tyz and tz 


TEST WAVEFORMS 


Test Output Waveform — Measurement Level 


Vou 
All tpps 1.5V 
Vou 
Vv, pe 
/ a 
~ 1.5V 
= 1,5V 
= be 
0.5V 
Vo. 
VoH 
f 1.5V 
0.0V 
. 1.5V 
Voi 


WFR02920 
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Am29520/Am29521 


3-STATE 


Am29520/21_ 
TIMING DIAGRAM 


WFR02930 


Am29520/21 
THREE-STATE TIMING 


PHZ tozH 
(DISABLE) (ENABLE) 


(HIGH IMPEDANCE) 


tpz- 
(ENABLE) 


WFR02940 


03569A 
7-62 Refer to Page 13-1 for Essential Information on Military Devices 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 
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ND 
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ICRO0510 


RELATED PRODUCTS 


Am6108 __.- | 8-bit Microprocessor Compatible 
A/D Converter 
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Am29526 
Am29528 e 


Am2952/ 
AM29529 


High Speed Sine, Cosine Generators 


DISTINCTIVE CHARACTERISTICS 


e Provides values for sine/cosine functions in 7/2048 
increments 

@ Outputs are 16-bit two’s complement fractions 

e@ Fast generation time of 50ns max Com’! 

@ S/LS compatible 

@ Three-state outputs 

e@ |MOX™ processing 


RELATED PRODUCTS 
Part No. 


Am29516/17 
Am29510 
Am29540 
Am29825 


Description 


16 x 16-Bit High Speed Multipliers 
16 x 16-Bit Multiply Accumulator 
FFT Address Sequencer 

High Performance 8-Bit Register 


CONNECTION DIAGRAMS - Top Views 


ABL-006 


ABL-007 


IMOX and Chip-Pak are trademarks of Advanced Micro Devices, Inc. +64 


FUNCTIONAL DESCRIPTION 


The Am29526/27 and Am29528/29 provide high speed 
generation of sine and cosine functions over the range 
0 < 6 < z in increments of 7/2048. 6 is determined by an 
11-bit input word. Each device provides an 8-bit output and 
two are used to give the full 16-bit value. The Am29526 
and Am29527 generate the MS and LS bytes respectively 
for the sine function. Similarly, the Am29528 and Am29529 
generate the cosine functions. 


The outputs are fractional two’s complement numbers with 
the radix point located immediately to the right of the sign 
bit (in between the bits weighted —2° and 2-'). As this 
format does not allow for the representation of +1 the 
functions generated are —siné and —cosé. In this way the 
output values are restricted to the range —1 < f(@) < +1 
which is representable. The outputs are three-state with 
one active Low enable and two active High enable. 


While providing general purpose sine and cosine function 
capability, the Am29526/27/28/29 satisfy the requirements 
of the Am29540 FFT Address Sequencer. 


BLOCK DIAGRAM 


SINE/COSINE 
FUNCTION GENERATOR 


ABL-008 
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Am29526/27/28/29 > 

ELECTRICAL CHARACTERISTICS 3 
The following conditions apply unless otherwise specified: $ 

COML Ta=O0to+70°C Voc = 5.0V+5% (MIN=4.75V MAX = 5.25V) > 

MIL To = —55 to +125°C Voc = 5.0V +10% (MIN = 4.50V MAX = 5.50V) 8 

DC CHARACTERISTICS OVER OPERATING RANGE S 

SS 

Typ wa & 

Parameters Description Test Conditions Min (Note1) Max Units. = 


Voc = MIN, lon = —2.0mA 
V, Output HIGH Voltage 
: Voc = MIN, lo, = 16mA 
V Output LOW Voltage 
Guaranteed input logical HIGH 


Guaranteed input logical LOW 
Vib input LOW Level voltage for all inputs Fated 
fa: Input LOW Current Voc = MAX, Vin = 0.45V iiss ball 


ho __| input Hig Current Moo = MAX May 88V-- 
= = ’ MIL 
Output Short Circuit Current Vec = MAX, Vout = 0.0V Pee 


loc © Power Supply Current All inputs = GND, Voc = MAX cae 
Input Clamp Voltage Voc = MIN, lin = —18mA ard 


Input Capacitance Vin = 2.0V @ f = 1MHz (Note 3) peo ae 
Cout Output Capacitance Vout = 2.0V @ f = 1MHz (Note 3) Paras 


Notes: 1. Typical limits are at Voc = 5.0V and Ta = +25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 


3. These parameters are not 100% tested, but are periodically sampled. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65 to + 150°C 
Temperature (Ambient) under Bias —55 to + 125°C 
Supply Voltage to Ground Potential Continuous —0.5 to +7.0V 
DC Voltage Applied to Outputs —0.5V to +Voc max 
DC Input Voltage —0.5 to +5.5V 
DC Input Current —30 to +5mA 


_DEFINITION OF FUNCTIONAL TERMS 
A10—Ao Data Input Values outputs Fo—F7 are enabled. Otherwise the out- 
Input, 6, corresponding to 6 = 0 (000) to 2047 7/ puts are in the high impedance state or off. 
E;, Eo, E3 Output Enables The outputs corresponding to —sin@ or —cosé. 
When E is Low and Ea and Eg are High, the F7 is MSB. 
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Am29526/27/28/29 


Am29526/ 27/28/29 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Ta = +25°C 
Vec = 5V 


Ta = 0 to +70°C | Tc = —55 to +125°C 
= 5V +5% 

= os Test 

Conditions 


Parameters Description 


E;, Eo, E3 


Disable Time | Low toZ 


Notes: 1. tp_} and tp}, are tested with switch S; closed and Cy = 30pF. 
2. For three-state outputs, the disables time is tested with C, = 30pF to the 1.5V level; S; is open for Z to High test and closed for Z to Low test. 
The enable time is tested with C, = 5pF. High to Z tests are made to an output voltage to Vo —0.5V with S; open; Low to Z tests are made 
to the Vo, — 0.5V level with S; closed. 


SWITCHING WAVEFORMS 


VV VV 
/I\/N\/N/\ 


Note: Level on output while chip is disabled is determined externally. ABL-009 


AC TEST LOAD 


OUTPUT 


ABL-010 
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Actual 
Decimal Hexadecimal 


Input © 


Actual 
Decimal Hexadecimal 


Input 


2'S COMPLEMENT 
0.919999999911111 


Angle 
in Radians 


0 
7/4 
m/2 

37/4 


_20477/2048 


Angle 
in Radians 


0 


1/4 
m/2 
37/4 
204777/2048 


TABLE 1. —COS(6) TABLE 


Decimal Value 
of —Cos(@) 


— 1.000000 
— 0.707107 
0.000000 
+0.707107 
+ 0.999999 


Am29526 
MS Device 


Hex Value 
of —Cos(6) 


TABLE 2. —SIN(@) TABLE 


Decimal Value 
of —Sin(6) 


0 
— 0.707107 
— 1.00000 
— 0.707107 
— 0.001534 


Am29528 
MS Device 


Hex Value 
of — Sin(6) 


The Minus Sine Function 


INPUT 


HEXADECIMAL 
DECIMAL 


OUTPUT = -SINE INPUT x ee 


Figure 2. The Minus Cosine Function 


OUTPUT 


DECIMAL 
+ 0.999999 


DECIMAL 
HEXADECIMAL 


wT 
OUTPUT = -COSINE INPUT x 2048 
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Am29527 
LS Device 


Am29529 
LS Device 
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| ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Am29526/27/28/29 


Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 3) (Note 2) 
AM29526PC P-24-1AA = C-1 
AM29527PC P-24-1AA C C-1 
AM29528PC P-24-1AA Cc C-1 
AM29529PC P-24-1AA C C-1 
AM29526PC-B P-24-1AA C B-1 
AM29527PC-B P-24-1AA Cc B-1 
AM29528PC-B P-24-1AA Cc B-1 
AM29529PC-B P-24-1AA Cc B-1 
AM29526DC D-24-1AA C C-1 
AM29527DC D-24-1AA C C-1 
AM29528DC D-24-1AA C C-1 
AM29529DC D-24-1AA C C-1 
AM29526DC-B D-24-1AA C B-1 
AM29527DC-B D-24-1AA C B-1 
AM29528DC-B D-24-1AA C B-1 
AM29529DC-B D-24-1AA C B-1 
AM29526DM D-24-1AA M C-3 
AM29527DM D-24-1AA M C-3 
AM29528DM D-24-1AA M C-3 
AM29529DM D-24-1AA M C-3 
AM29526DM-B D-24-1AA M B-3 
AM29527DM-B D-24-1AA M B-3 
AM29528DN-B D-24-1AA M B-3 
AM29529DN-B D-24-1AA M B-3 
AM29526LC L-32-2 C C-1 
AM29527LC L-32-2 C C-1 
AM29528LC L-32-2 C C-1 
AM29529LC L-32-2 C C-1 
AM29526LM L-32-2 M C-3 
AM29527LM L-32-2 M C-3 
AM29528LM L-32-2 M C-3 
AM29529LM L-32-2 M C-3 
AM29526LM-B L-32-2 M B-3 
AM29527LM-B L-32-2 M B-3 
AM29528LM-B L-32-2 M B-3 
AM29529LM-B L-32-2 M B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. See 


Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 

the package may be used unless otherwise specified. 
2. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
3. C = Oto +70°C, Veg = 4.75 to 5.25V, M = —55 to + 125°C, Voc = 4.50 to 5.50V. 


7-68 


Refer to Page 13-1 for Essential information on Military Devices 


Am29540 


Programmable FFT Address Sequencer 


DISTINCTIVE CHARACTERISTICS 


@ Generates data and coefficient addresses 
Programmable transform length 2 to 65,536 points 
Radix-2 or Radix-4 
In-place or non-in-place transformation 


@ Decimation in frequency (DIF) or decimation in time 
(DIT) FFT algorithms supported 
@ 40-pin DIP package, 5 volt single supply 


GENERAL DESCRIPTION 


The Am29540 Fast Fourier Transform Address Sequencer 
generates all the data (RAM) and coefficient (ROM) ad- 
dresses necessary to perform the repetitive butterfly opera- 
tions of the FFT. Decimation in time and decimation in 
frequency algorithms are supported (control DIT/DIF) in 
radix-2 or radix-4 (RADIX 4/2). A radix-2 real valued input 
(RVI) transform is also supported. For radix-2 operation the 
transform length is programmable in powers of 2 from 2 to 
65,536 points. In radix-4 the range is 4 to 65,536 in powers 
of 4. 


Address sequences can be selected to be compatible with 
data which may or may not have been pre-scrambled ('bit- 
reversed’). If the data has been pre-scrambled the control 
PSD must be LOW to select the correct sequence. If the 
data is not pre-scrambled (PSD HIGH) and an in-place 
transform is performed, the output data will necessarily be 
in bit-reversed order. If this is not desirable, alternate 
addresses are available for a non-in-place, non-bit-revers- 
ing algorithm. 


The butterfly counter operates on the positive clock edge 
and responds to four instructions. COUNT causes the 
counter to increment to the next butterfly. RESET causes 
the counter to initialize for the specified transform length. 
RESET/LOAD causes the counter to initialize and a data 
address offset to be loaded into the part via the bi- 
directional 3-state ADDRESS port. This offset is effectively 
OR-ed onto the higher significant bits of the address which 
are unused for the selected transform length. A HOLD 
instruction is also provided. Three status lines are provided. 
ODD/EVEN (KNZ/KZ) controls the alternation of read and 
write memories for non-in-place transforms and determines 
the butterfly structure in the RVI transform. The flag has the 
function KNZ/KZ when RVI data addresses are selected 
(AS = 12 to 15). Iteration complete (IT COMP) flags the 
bottom of a ''column'’ of butterflies and is used in conjunc- 
tion with block floating point schemes. FFT COMP identifies 
the last butterfly of the transform. 


BLOCK DIAGRAM 


BDR02240 


FFT Address Sequencer 


7-69 
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Byte-Slice is a trademark of Advanced Micro Devices, Inc. 


RELATED PRODUCTS 


Description 


Multi-port peewee processor 
(Byte-slice ™) | 


16x 16 parallel multiplier 


Multilevel pipeline register 
High speed sine/cosine 
generators 

High performance 8-bit 
register 
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CONNECTION DIAGRAM 
Top View 


orséculy 


CD004690 
CDR04360 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 
Am29540 


39 AS» 

38 AS, 

37. ODD/EVEN (KNZ/KZ) 
TSEL 


ii 
ie 


Fara, omomomen [ag Pe 


prerererer sre Mery er erer 


7 6s, €t, ©, FS FA Oe 
ied We Las oe Ge hans WG ee 
> dh at as all test ot at ek eee 2 


STRB 


DIT/DIF 
Ais ———— PSD 
IT COMP RADIX 4/2 


DIE SIZE: 254 x 273 MILS 


FFT COMP 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29540 Pp Cc B Valid Combinations 


L— Screening Option 
DC, DCB, DMB 
Blank - Standard Processing Am29540 LC, LMB 
B - Burn-in | 
Temperature (see Operating Range) 
C -—Commercial (0 to + 70°C) 
_ M —Military (-55 to +125°C) 
Package 
D- 40 pin CERDIP 
"2 i pin Leadiess Chip Carrier Valid Combinations 
Consult the AMD sales office in your area to 
Device Type determine if a device is currently available in the 
Programmable FFT Address Sequencer combination you wish. 
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*DIP Configuration 


PIN DESCRIPTION 


‘1/0 | Description 


when both 


and Count. (See Figure 2. 


transforms. 


= 


Adress Out- 
fotiset input) 


FFT COMP 
IT COMP 


DETAILED DESCRIPTION 


The Am29540 can be pictured as consisting of sixteen 16-bit 
counters that output on a bidirectional three-state address 
port, Ay5-Ap. These sixteen counters generate the data and 
coefficient addresses required to support the various FFT 
algorithms. 


Decimation-In-Time (DIT) and Decimation-In-Frequency (DIF) 
algorithms are supported in Radix-2 and Radix-4. Two inputs, 
DIT/DIF and Radix4/2, control these two parameters without 
encoding. A third microcode bit, PSD, enables input data to be 
bit reversed. PSD must be LOW for all transforms with 
prescrambled (bit reversed) input data. For all in-place trans- 
forms with normally-ordered input data, PSD must be HIGH. 
For all non-in-place DIT transforms, PSD must be LOW, and 
for all non-in-place DIF transforms, PSD must be HIGH. These 
three microcode bits can be latched. STRB and SEL are the 
latch enables. They are ANDed so that the latch is transparent 
when both are LOW. 


The transform length is latched via the TLg-TLo inputs. 
TSTRB and TSEL are the latch enables. They are ANDed so 
that the latch is transparent when both are LOW. For Radix-4 
operations, the transform length is programmable in powers of 
4, from 4 to 65,536 points. In Radix-2, the range is 2 to 65,536 
points in powers of 2. A Radix-2 Real Valued Input (RVI) 
algorithm is also supported for transform lengths from 2 to 
65,536, in powers of 2. Codes to program the transform length 
are contained in Figure 1. 


Two microcode bits, !4-lo, control the operation of the 
Am29540. The four possible instructions are: 


1. HOLD. All counters hold their last values. This instruction is 
used at any time the counter values must remain constant 
and could be used during initialization of the part. 


2. RESET. All counters are reset to the start of the transform. 
All unused address lines are set to zero. Control bits DIT/ 
DIF, Radix 4/2 and PSD are unaffected. 


Transform length control determines the number of points to be transformed. (See Figure 1.) 


Transform length latch enables. These active LOW inputs are ANDed to control the latch. The latch is transparent 
L and TSTRB are LOW. 


Counter Instruction inputs determine one of four available butterfly counter instructions: Hold, Reset, Reset/Load 


Butterfly counter clock (positive edge active). 


The Radix control determines whether addresses will be generated for Radix-4 (HIGH) for Radix-2 (LOW) 


The Pre-Scrambled Data, PSD, input is used to select an appropriate transform for input data which has previously 
been digit reversed. Refer to individual transform flow charts for other cases. 


(aan input for selection of the Decimation in Frequency algorithm (LOW) or Decimation In Time algorithm 


ream type (Radix 4/2, PSD, DIF/ 
The latch is transparent when both 


Address Select control determines address selection. (See Figure 3.) 


Three-state output enable. The 3-state output is controlled solely by OE. The output does not automatically 
become high impedance during the Reset/Load instruction. 


Bidirectional 16-bit port to output selected addresses or to input an address offset. 


latch enables. These active LOW inputs are ANDed to control the latch. 
EL and STRB are LOW. 


(LOW) indicates that the rotational constant to 


FFT Complete = HIGH identifies the last butterfly (or end) of the transform. (See Figure 4.) 


ODD/EVEN, For address select 0 to 11 the ODD/EVEN output controls the alternation of separate read and write memories for 
(KNZ/KZ) non-in-place transforms. For Address select 12 to 15 KNZ/KZ = 
be used in the RVI transform is W° and that an alternative butterfly must be implemented. 
SS eS | © | Iteration Complete = HIGH flags the bottom of a ‘column’ of butterflies. (See Figure 4.) 


3. RESET/LOAD. All counters are reset to the start of the 
transform. All unused address lines are set to the current 
value of the address port. This allows loading of an offset 
address via the bidirectional address port. This offset is 
effectively ORed onto the higher significant bits of the 
address which are unused for the transform length. Only 
data address counters are affected. Coefficient address 
counters are not affected. 


4. COUNT. All counters are incremented to their next valid 
address. 


Codes for all four instructions are contained in Figure 2. 


Four address select controls, AS3—-ASp, choose which of the 


sixteen counter outputs are available at the address port. 
Typically, these bits would come from the microcode. Data 
addresses are right-justified, Ay5 being the MSB. Coefficient 
addresses are left-justified: A;5 is the MSB for Radix-4 
operations; A;4 is the MSB for Radix-2 operations. Codes for 
AS3-ASpo are contained in Figure 3. 


Two output flags, ITCOMP and FFTCOMP, indicate counter 
status. When the bottom of a column of butterflies is reached, 
Iteration Complete (ITCOMP) goes HIGH. When the last 
butterfly (or end) of the transform is reached, FFT Complete 
(FFTCOMP) also goes HIGH. These two flags would typically 
be condition code inputs to the microprogram sequencer. 


A third flag is used to indicate end of column for non-in-place 
transforms or one of two butterfly types for RVI transforms. 
For column indication, the flag is called ODD/EVEN and can 
be used to switch memory banks. The flag will be a HIGH for 
the last column of butterflies. In the RVI transform the flag is 
called KNZ/KZ. The equations for the butterfly when the 
rotational constant is W® are different from when the rotational 
constant is not W°. When KNZ/KZ is LOW, it indicates that 
the rotational constant to be used is and that the 
alternative butterfly equations must be executed. Typically 
there are two microcode segments. The KNZ/KZ flag would 
be a condition code input to the sequencer to select one of the 
two segments. 
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Transform Length 
Radice | Radka] Av | 
2 4 4 


Opsezwy 


Hold 


Reset. Reset counter to start of transform 
with unused address outputs set to 0. 


i 


H 


Reset/Load. Reset counter to start of transform 
with unused address outputs set to the current 
value of the address bus. 


Count. Increment butterfly counter. 
Figure 2. Counter Instruction Control 


a ee ae 


Figure 2a. Offset Address Control 


|ASi| ASo_| Description | Usage 
E L 


Data Address 1 Radix 2/4 ' 
Data Address 2 Radix 2/4 
Data Address 3 Radix 4 


Data Address 4 Radix 4 


Alt. Data Address 1 Radix 2/4 
Alt. Data Address 2 Radix 2/4 
Alt. Data Address 3 Radix 4 


Radix 4 


Radix 2/4, Shading 
Radix 4 
Radix 4 
Shading 


Alt. Data Address 4 


Const Address 1 
Const Address 2 
Const Address 3 
Const Address 1 


RVI Data Address 1 


—s 
—_ 


make 
ye) 


Co ee cere |B 


13 RVI Data Address 2 
14 RVI Data Address 3 
15 RV! Data Address 4 


Figure 3. Address Select Control 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ..............csceereeeeeees -65 to + 150°C 
Temperature Under Bias-Tc ............2.20+8: -55 to +125°C 
Supply Voltage to Ground Potential 

PRI 5s os ako eae eds s ceny cone -0.5 to +7.0V 
DC Voltage Applied to Outputs For 

High Output State ...................066. -0.5V to +Vcc max 
Ee EE WONG oo coc vinci vec ovarsdcatesuacesessses -0.5 to +5.5V 
DC Output Current, Into Outputs ...............ccceeeeeeee 30mA 
BOG FO CATE os ons ce vans teenies «onus -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


VOH 
OL 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 1) 
Voc = MIN IOH = —2.6mA, COM'L 
SMS cork lon =—mA, MIL 
Output LOW Voltage ee Bt or Vit lo = 12mA 


OPERATING RANGES 


Commercial (C) Devices 


Temperature 
2 Beemer: pee ore EAC EET Ta = 0°C to +70°C 
eee is: eee mere yape rrrpeer reer i rs To = 0°C to 85°C 
Supply Voltage ............cceeseeeeeneeees +4.75V to +5.25V 
Military (M) Devices 
“PONMIOTOUNG (5c 5 ocinecedesoneos essen Tc =-55°C to +125°C 
SUpPly  VOUNAGE 5 ..c05s0s-2 dl scecssecesessness +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. - 


Typ 

(Note 2) 
amc 
[es [roe 


Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs 
IL 


a Ce 
See TESA RS 
lam iodtat NORE eect | oa 
a. ee ee a 
Pi [mt Hig Gurent [Voc= MAX Vin=68V Cow Noes) TT 800 | 
Sage Pape egeerore ee, | ene aa eae ee 
Output Current PCr emer es a EE 
GoM and Maer SCdSCSCSC*dSC | a 
coe Lac aaa SO <5 
loc ay Voo = MAX Ta=#70% (ote) | | | #00] ma 
MIL Onl ioe wr sye pa 
Vo = MAX Seastege a oe, a 


1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. OE LOW and all inputs LOW. 

5. It is limited to 5.5V because Ag to Ajs5 inputs also connect to output transistors. 

6. Chip Carriers: Tc = 0 to 85°C. 
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SWITCHING CHARACTERISTICS over operating range unless dithionite specified 


(Ta = 25°C, Voc = 5.0V) 
Test 
Description Conditions 


Parameters 


‘a 
ao] 


CP to Ao.15(AS = 0) 
CP to Ag.15(AS = 1) 
CP to Ag.15(AS = 2) 
CP to Ag.15(AS = 3) 
CP to Ag.15(AS = 4) 
CP to Ao.15(AS = 5) 
CP to Aop.15(AS = 6) 
CP to Ao.15(AS = 7) 
CP to Ag.15(AS = 8) 
CP to Ao.15(AS = 9) 
CP to Ag.15(AS = 10) 
CP to Ag.45(AS = 11) 
CP to Aop.15(AS = 12) 
CP to Aop.15(AS = 13) 
CP to Ao.15(AS = 14) 
CP to Ao.15(AS = 15) 


isle 


tp 


With Ag LOW 


Address Select to Ao.15 With Ap Active 


OE to Ao.i5 Disable Time 

OE to Ao.15 Disable Time 

OE to Ao.15 Enable Time 

tpz. [OE to Ao.15 Enable Time : 

tpp {CP to IT COMP 

CP to FFT COMP 

itpp _|CP. to ODD/EVEN/ (KNZ/KZ) 

tpp _|Address Select to ODD/EVEN/ (KNZ/K2) 
Offset Address Input Aop.15 to CP Set-up Time 
Offset Address Input Aop.15 to CP Hold Time 
Counter Instruction to CP Set-up Time 


ae 
paca Counter Instruction to CP Hold Time 
a 
a 


v 


a 
N 
=z 


Cy = 50pF 
See Test 


Zz Circuits 


Transform Length Select to CP Set-up Time 
Transform Length Select to CP Hold Time 
Transform Length Select to TSTRB + Set-up Time 
Transform Length Select to TSTRB + Hold Time 
L (HIGH to LOW) to TSTRB 1 Set-up Time 

C to TSTRBt Hold Time 

RADIX 4/2 to CP Set-up Time 

RADIX 4/2 to CP Hold Time 

RADIX 4/2, PSD, DIT/DIF to STRB + Set-up Time 
RADIX 4/2, PSD, DIT/DIF to STRB + Hold Time 
SEL (HIGH to LOW) to STRB 1 Set-up Time 

SEL Hold Time to STRB 1 Hold Time 

STRB or TSTRB to CP Set-up Time 

Minimum Strobe Pulse Width LOW 

CP Pulse Width HIGH 

CP Pulse Width LOW 


= 
™N 


A 


int 


a) 
N 


PWSL 


5 
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~ SWITCHING CHARACTERISTICS over operating range unless otherwise specified | 
COMMERCIAL MILITARY 


Test 
Description Conditions 


Parameters 
CP to Ag.15(AS = 0) 
CP to Aop.15(AS = 1) 
CP to Ao.15(AS = 2) 
CP to Ag.15(AS = 3) 
CP to Ao.15(AS = 4) 
CP to Ao.15(AS = 5) 
CP to Ao.15(AS = 6) 
CP to Ag.15(AS = 7) 
CP to Ao.15(AS = 8) 
CP to Ap.15(AS = 9) 
CP to Ao.15(AS = 10) 
CP to Ao.15(AS = 11) 
CP to Ao.15(AS = 12) 
CP to Ao.15(AS = 13) 
CP to Ao.15(AS = 14) 
CP to Ao.15(AS = 15) 


tpD 


> 
So 


With Ao LOW 
With Aa Active 


~ 


Address Select to Ao.15 


OE to Ao.15 Disable Time 

OE to Ao.15 Disable Time 

OE to Ao.15 Enable Time 

OE to Ao.15 Enable Time 

CP to IT COMP 

CP to FFT COMP 

CP to ODD/EVEN/(KNZ/KZ) 

Address Select to ODD/EVEN/(KNZ/KZ) 

Offset Address Input Aop.15 to CP Setup Time 
Offset Address Input Aop.15 to CP Hold Time 
Counter Instruction to CP Setup Time 

Counter Instruction to CP Hold Time 

Transform Length Select to CP Setup Time 
Transform Length Select to CP Hold Time 
Transform Length Select to TSTRB 1 Setup Time 
Transform Length Select to TSTRB 1 Hold Time 
TSEL (HIGH to LOW) to TSTRB 1+ Setup Time 
TSEL toTSTRB + Hold Time 

RADIX 4/2 to CP Setup Time 

RADIX 4/2 to CP Hold Time 

RADIX 4/2, PSD, DIT/DIF to STRB 1 Setup Time 
RADIX 4/2, PSD, DIT/DIF to STRB 1+ Hold Time 
SEL (HIGH to LOW) to STRB t+ Setup Time 
SEL Hold Time to STRB + Hold Time 

STRB or TSTRB to CP Setup Time 

Minimum Strobe Pulse Width LOW 

CP Pulse Width HIGH 

CP Pulse Width LOW 


tpp 


N 


-- 


Uv 
N 


L 


a 


a 


tH 


= 
MN 


27 
PWSL 


d 


L 


° 
a) 
an 
® 
N 
i?) 


@ 
& 
Ss 
g 
z 
m 
/ 
. 
i 
g 
s 
= 
8 
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SWITCHING TEST CIRCUIT 
A. THREE-STATE OUTPUTS | B. NORMAL OUTPUTS 


Vec 


S2 


TCRO1240 


TCRO1230 
mere 5.0 - VBE - VoL : R, = 5.0 —- Vee - VoL 
lo. + VoL lo. + VoL 


1K Ro 


Notes: 1. C, = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. Sj, Sz, Sg are closed during function tests and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpz} test. 
S; and So are closed while Sg is open for tpz,_ test. 
4. CL =5.0pF for output disable tests. 


SWITCHING TEST WAVEFORMS 
Output Waveform — Measurement Level 


WFRO2681 


03567C 
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PULSE WIDTH 


LOW-HIGH-LOW 
aa Tew — + 
HIGH-LOW-HIGH _ 
“i—-\——f-— " 


WFRO02850 


SET-UP AND HOLD TIME 


ia WN, WV. 
meet WWVV\\ e z . WA... 


tena 


WFR02970 


Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense. 
2. Cross hatched area is don't care condition. 
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TIMING DIAGRAM 
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WFRO02710 
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LATCH TIMING DIAGRAM 


ts 
® @ 


WFR02701 


3-STATE 
TIMING DIAGRAM 


(HIGH LEVEL) 


Vo. + -5V 


(LOW LEVEL) 


WFRO02720 


ORIVEN INPUT 


ICROO510 
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REGEY, RESET/LOAD 


orsecuiy 


DATA ADDRESS START FIRST PASS SECOND PASS FINISH DATA ADDRESS 
0 000 casas area Q | we 1 
a. ~~] = : 


010 2 


x io 
i 
OF 
a 
ae: 
(> } 
: ies 


110 6 


100 


101 5 


Th IM est) 
RL 
9 9 
neu 
ly: bag 
‘an 
Len inele 


| 


‘pata COLUMNS 
DFROO660 
a. Sequence of Operations for Typical FFT 
AS = 0/4° 
AS = 1/5° 
DFR00670 
*Note: AS = 4 and AS =5 are alternate addresses used in non-in-place transformations. 
b. Single RADIX-2 Butterfly 
Figure 4. 
03567C 


7-81 Refer to Page 13-1 for Essential Information on Military Devices 


Am29540 


TYPICAL HIGH PERFORMANCE RADIX-2 
ADDRESS GENERATION 


ADDRESS SOO Ke Caz SS — VOMMM OOS. 
SELECT XXXL DY \ 8) ROX _“**° 
~ hahah att 
i ye GI (9 OS 
FFT COMP : 


DFROO690 
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TRANSFORM CHARACTERISTICS TYPICAL BUTTERFLY z , 
@ 16-Point (N = 16) A 

RADIX-2 - 
© DIF . = | 
@ Normally ordered input data A A 

(Bit-reversed output data order) 
@ In-place 
@ Complex valued input data 
FORWARD TRANSFORM INVERSE TRANSFORM 

k 
A'’=A+B : A’=A+B : a B 
B’ = (A-B)W B’ = (A-B)W~ 
DFRO0640 
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@ Complex valu 
FORWARD TRANSFORM 


A’=A+B 
B’ = (A-B)Wk 


INVERSE TRANSFORM 


A'=A+B 
B’ = (A-B)w-k 


03567C 


TYPICAL BUTTERFLY 


TRANSFORM CHARACTERISTICS 
@ 16-Point (N = 16) 
DIX-2 


@ RA 
cg 


@ Normally ordered input and output data A A’ 
(Non-bit-reversing) 
@ Non-in-place 
@ Complex valued input data 
FORWARD TRANSFORM INVERSE TRANSFORM 
k 
DFRO0640 


‘™A+E '=A+B 
B’ = (A-B)Wk B’ = (A-B)w-k 


> 
3 
N 
Pe) 
a 
be 
r) 


DIT/DIF RADIX 4/2 
ee ee ee 
=, 


TRANSFORM CHARACTERISTICS TYPICAL BUTTERFLY 
@ 16-Point (N = 16) 


@ RADIX-2 
@ DIT 


Am29540 


FORWARD TRANSFORM INVERSE TRANSFORM 


A’=A+ BWK A’ =A+BW-K 
B’ = A-BWk B’ =A-Bw-k 


TRANSFORM CHARACTERISTICS 
@ 16-Point (N = 16) 
@® RADIX-2 


TYPICAL BUTTERFLY 


> 
3 
N 
© 
oO 
4a 
° 


@ DIT A A’ 
@ Normally ordered output data 

(Bit-reversed input data order) 
@ In-place 
@ Complex valued input data 

ie 

FORWARD TRANSFORM INVERSE TRANSFORM 

A’ =A+BWk A’ =A+BW-* : : g 


B’ = A-BWk B’=A-BWw-k 


DFROO590 


Oe 


ae So52r$ 


DFRO0470 


[—adaress ot [ASA [oe [Ww 
ik Sea ENE 
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TRANSFORM CHARACTERISTICS TYPICAL BUTTERFLY | 


@ 16-Point (N = 16) 


ors6cuiy 


@ RADIX-4 
@ DIF A A’ 
@ Normally ordered input data . 
(Digit-reversed output data order) B B’ 
@ in-place 2k 
@ Complex valued input data c C’ 


FORWARD TRANSFORM INVERSE TRANSFORM 


A’=A+B+C+D A’=A+B+C+D DFRO0510 


B’ = (A-jB-C + jD)wk B’ = (A + jB-C-jD)w-k 
C' = (A-B+C-D)wk C’ =(A-B+C-D)w-2k 
D’ = (A+ jB-C -jD)wk D’ = (A-jB-C + jD)w-3k 


W=e7/7 


AAO 
BAL 


ow 


DFROO570 


eee ee ee ee 


|_ Address of | A |B | Cc | 0 | a’ | 8 | c’| | we |wak| Wie | 
a ee a 
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TRANSFORM CHARACTERISTICS TYPICAL BUTTERFLY 


@ 16-Point (N = 16) 


@ RADIX-4 

@ DIF A A’ 

@® Normally ordered output data Sh 
(Digit-reversed input data order) B B’ 

@ in-place 2k 

@ Complex valued input data c om 


FORWARD TRANSFORM INVERSE TRANSFORM D | Se 


A’=A+B+C+D A’=A+B+C+D DFRO0510 


B’ = (A-jB-C + jD)w* B’ = (A + jB-C-jD)W-* 
C’ =(A-B + C-D)W*k C’=(A-B+C-D)w-k 
D’ = (A + jB-C -jD)wk D’ = (A-jB-C + jD)w-%* 


W=e/7 


(N = 4) 


My 


/ 
\S 


ey 
OS 


@s 
[Xx 
NA 


DFROO500 


DIT/DIF RADIX 4/2 


| Address of | A | 8 | c |b | a |B] c | 0 | wk |Wak]woe 
Eien 
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TRANSFORM CHARACTERISTICS TYPICAL BUTTERFLY 


@ 16-Point (N = 16) 


> 
S 
N 
Pr) 
a 
eget 
) 


@ RADIX-4 
@ DIF A A’ 
@ Normally ordered input and output data 

(Non-digit reversing) B : B’ 
@ Non-in-place 2k 
@ Complex valued input data Cc Cc’ 


FORWARD TRANSFORM INVERSE TRANSFORM 


A'=A+B+C+D A’'=A+B+C+D DFROO510 
B’ = (A-jB-C + jD)w“ B’ = (A +jB-C-jD)w-* 
C' = (A-B +C-D)wek C’ =(A-B+C-D)w-2k 
D’ = (A+ jB-C-jD)wek D’ = (A-jB-C + jD)w-%* 
W=e/" 


Z 
§ 


o 


My 
A) 


sy 
Di 
A 
4S 

tp 


f 
0.4! 
Pe 
; 
LK 
LS 


DFROO580 


DIT/DIF PSD RADIX 4/2 
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|_ Address of | A | 8 | c | 0 | A | 8 | c' |b | wi |W] Wo | 
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RANSFORM CHARACTERISTICS TYPICAL BUTTERFLY 
16-Point (N = 16) 
@ RADIX-4 

@ DIT 

@® Normally ordered input data 
(Digit-reversed output data order) 
In-place 

Complex valued input data 


T 
e 


DFROO0530 


FORWARD TRANSFORM INVERSE TRANSFORM 
A’ =A + BWK + Cw2k + wok A’ =A + BW-* + CW"? + Dw Sk 
B’ = A-jBW* - cw2k + jowsk B’ = A + jBW-*- Cw 2k _ jpw-3k 
C’ = A-BWK + cw2k _ pwok C’ = A-BW-* + cw-2k_ pw-Sk 


D’ = A + jBWK — Cw2k _ jpwek D’ = A-jBW-*- cw" 2k + jpw-% 


DFR00540 


— . 


| Address of _| A |B | ¢ | D | A | BY | c’ | bY | wi |wek) Wok | 
a ee EE EEE 
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TYPICAL BUTTERFLY 


TRANSFORM CHARACTERISTICS 
@ 16-Point (N = 16) 


orsécwiy 


@ RADIX-4 A A’ 
@ DIT | 
@ Normally ordered output data B ea.“ B’ 
(Digit-reversed input data order) 
@ in-place 


Cc C’ 


Complex valued input data 


D’ 


DFRO0530 


FORWARD TRANSFORM INVERSE TRANSFORM 


A’ = A+ BWK + Cw2k + pw3k A’ = A+ BW-* + CW-2k + Dw-3k 

zohan me emcee. 
ae 7 + a ‘= a fe et 

D’ = A + jBW*- CW2k - jpwsk D’ = A-jBw"*- Cw"? + jDw- 9k 


(N = 4) 


\ 
LOEXEA/ 
“© OK 
LPN 
oe 


y 


Q 
/ 


7 nd 13 
6 cy 
W 14 
‘ 0 
15 15 
DFROO0550 


DIT/DIF PSD RADIX 4/2 


la 


| Address of | A | 8 | c | 0 | A’ | 8 | c’ |b | wi [Wek] wk 
eS SCE eRe Ree 
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Am29540 


TRANSFORM CHARACTERISTICS TYPICAL BUTTERFLY 


@ 16-Point (N = 16) 


@ RADIX-4 A A’ 

@ DIT 

@ Normally ordered input and output data se“ B’ 
(Non-digit reversing) 

@ Non-in-place 


c C’ 
3k 


Complex valued input data 
Dd’ 


DFRO0530 


FORWARD TRANSFORM 


INVERSE TRANSFORM 


A’ =A + BW + Cw2k + pwok A’ =A+BW-* + Cw-2K + Dw-3k 
B’=A- jBW* ~ cwer - jowe B’=A+ jaw - Eee - jDw"* 
C’ = A-BWk + cwk- pw C’ = A-BW-* + Cw-2k_ Dw" 

D’ = A + jBW* - Cw2k - jowsk D’ = A-jBW-*-cw-2k + jpw-& 


NN 


oe SS LI 


DFROO520 


RADIX 4/2 


| Address of | A | B | c | 0 | A | 8 | c | 0 | WE [Wek] Wik | 
Lor Ase! 5 [4 | 6] 6 | or | of st] 2 |] 6 |e 10 | 
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DIF 
in-place 

Real valued output data 
Inverse Transform 


TRANSFORM CHARACTERISTICS 
@ 16-Point (N = 16) 

@ RADIX-2 

@ Normally ordered output data 
(Unique input data order) 


TYPICAL BUTTERFLIES 


KNZ/KZ = LOW KNZ/KZ = HIGH 
(k = 0) | (k = 0) 


Cc’ 


0’ Oo 


DFROO600 DFRO0610 


A'=Re [A + jB + C — jD] A'=Re [A + jB + C — jb] 
B'=Im [A + jB + C - jp] B'=Re [(A + jB - C + jD)WK] 
C'=Re [(A + jB - C +jD)WR] C'=Im[A + jB + C - jD) 
D'=Im [(A + jB - C + jD)WR] D'=Im [(A + jB - C + jD)WK] 
Wn = e/°7N Wn = 6/27N 


(N = 4) 


(\ /) 
Vl 
JAMS 
GE 


Res 
a, 


) 
OX 3 
BES 
77K 


i=) 


Ag 
LX 
is 


ii 


#35 2 
wn w w 
rs Px) 


DFRO0480 
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Tas=_[refrara]ss| repre fale 8 
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Am29540 


TRANSFORM CHARACTERISTICS 
@ 16-Point (N = 16) 

@ RADIX-2 

e DIT 


KNZ/KZ = LOW 
(k = 0) 


A A’ 
8 0 8 
c c’ 
fy D’ 


DFROO600 

A'=Re [A + jB + (C + jD)WR) 

B'=Iim [A + jB + (C + jD)Wh) 

C'=Re [A + jB - (C + jD)Wh) 

D'=Im [-A - jB + (C - jD)WRI 
-j27 

teers 


£ 
a 


.» 
Tg 
SA 


Bee es eee ee 


TYPICAL BUTTERFLIES 


| 1 (Re) 
Wy 1 (im) 

(1) 
—— 7 (Re) 


| Address of | A | 8 | C | 0 | A'| 8’ | c' | D'| Wh | 
| AS= [12] 19/14] 15] 12] 13] 14] 15] 8 


Normally ordered input data 
(Unique output data order) 
in-place 

Real Valued Input (RVI) data 
Forward Transform 


KNZ/KZ = HIGH 
(k #0) 
A A 
8 k 8 
c Cc 
D D 


DFRO0610 
A'=Re [A + jC + (B + jD)WK] 
B'=Im [A + jC + (B + jD)WK] 
C'=Re [A + jC - (B - jD)Wk) 
D'=Im[-A - jC + (B + jD)Wh) 
-j27 
ere 


2 (im) 


6 (Re) 


6 (im) 


7 (im) 


3 (Re) 


3 (im) 


5 (Re) 


5 (im) 


DFROO0490 
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High Performance Bus Interface Family 


David A. Laws and Peter Alfke 
Advanced Micro Devices, Inc., Sunnyvale, CA 


Standardizes Around Slim 24-Pin 
Package 


Most IC designers tend to focus their attention on ever 
more complex VLSI solutions to improve the package 
count, cost, and reliability of microprocessor based sys- 
tems. In many cases, however, greater impact could be 
achieved with much less effort by designing a more efficient 
bus interface. The last major innovation in this area was the 
advent of the popular 20-pin octal interface, which occurred 
not so coincidentally with the boom in 8-bit microprocessor 
sales. 


The Octal Explosion 


The 20-pin package was ideal for 8-bit interface elements 
as it allowed for eight input lines, eight output lines, two 
control inputs, power supply, and ground. Octal configura- 
tions of registers, latches and transceivers appeared in 
Schottky, low-power Schottky, and CMOS technologies 
from every major integrated circuit supplier, and as technol- 
ogy improved, a proliferation of polarity, pin rotation, high 
current drive, and low power options became available to 
meet every conceivable 8-bit need. 


However, as the designers’ world became more complex, it 
became apparent that modular sizes larger than 8 bits were 
needed. For example, systems that use a parity check 
scheme need 9 bits for each byte, and if a clock line is 
added, a 10-bit part is needed. The 10-bit part also fits 
nicely with the 20-bit addressing schemes used with many 
16-bit microprocessors. 


A 9- or 10-bit function previously required the one octal and 
one 4-bit part, which left the designer with two packages 
and potential problems. Clearly, the answer was a new 
approach. 


The 24-Pin Solution 


Two factors contributed to the 24-pin solution. First was the 
development of a more compact 24-pin package. Until 
recently the only package available for this pin count was a 
600-mil wide DIP. Now a slimline, 24-pin 300-mil wide 
package, called Thin-DIP by AMD, is entering production at 
a number of package manufacturers. Second, advanced 
Schottky technologies made it possible to pack increased 
functional complexity onto chips small enough to fit into the 
narrow cavities of these new packages. AMD calls its 
version of this process IMOX™, an acronym which means 
ion-implanted and oxide-isolated. 


The fabrication and packaging problems overcome, AMD 
proceeded to define a complete family of functions from the 
ground up. While the previous 20-pin octal interface de- 
vices had been a great improvement over their predeces- 
sors, the piecemeal approach to their conception had led to 
a bewildering array of inconsistent configurations. So be- 
fore starting design on any one device, AMD applications 
engineers looked at all the essential interface functions 
required by a system. The result is the new Am29800 
series. 


The Am29800 Family includes registers, latches, buffers, 
and transceivers; most functions are supplied in 8- or 9- 


IMOX is a trademark of Advanced Micro Devices, Inc. 


and 10-bit wide configurations. De facto standards have 
determined that most systems are noninverting internally, 
while most bus configurations are inverting. To meet all 
these needs, both inverting and noninverting versions of 
the Am29800 devices are available to the designer. 


Now that two-layer metal interconnect is an established 
manufacturing process, it is possible to give careful consid- 
eration to the physical location of input and output pins. All 
inputs on the new Am29800 Family have been placed on 
one side of the package with corresponding outputs on the 
other, so data can flow in a direct physical path from the 
microprocessor CPU through the interface unit and onto 
the bus. This permits a much cleaner board layout. In 
addition, power supply, ground, and control function pins 
are always in the same position. 


AMD also decided to standardize pinouts between logic 
functions. For example, all 10-bit elements, i.e., latches, 
registers, or transceivers, have the same input and output 
pin assignment, as do all 9- and 8-bit devices. 


Electrical Performance 


For many years, TTL devices, such as the 'S240 series, 
employed PNP inputs to achieve very low input current 
characteristics. Unfortunately, while the DC input current is 
indeed low, the dynamic performance of the device is 
severely downgraded because of the large capacitance 
associated with the PNPs. The Am29800 devices were 
designed with low capacitance loading at the inputs and 
outputs. 


Most IC data sheets specify AC performance at 15pF test 
conditions only. While this is adequate for general purpose 
logic applications, a realistic bus structure will typically see 
much higher loading, and all Am29800 series devices are 
designed to provide optimum performance under more 
realistic system conditions. Specified sink currents of 48mA 
over the commercial temperature operating range (0 to 
70°C) and 32mA over the military temperature range (- 55 
to + 125°C) ensure adequate capacitance drive and fan- 
out for bus systems. And since drivers must charge load 
capacitance in both falling and rising directions, source 
current is also fully characterized at both 2.0 and 2.4V. 


Critical AC specifications such as propagation delays and 
disable times for the three-state outputs are specified for 
300pF load conditions both at 25°C and over the full 
operating temperature range and power supply tolerance; 
specific delays depend on the function being considered. 
Typical values for a D-type register at 50pF are 6 to 7ns, 
comparable to those achieved with AS or FAST devices 
under the same conditions and an improvement over higher 
power Schottky products. At 350pF, loading delays in- 
crease to the 12 to 14ns range. Simple buffers and 
inverters exhibit typical values of 4ns. 


Registers 


The Am29821-26 Bus Interface Registers are specifically 
designed to provide extra width for wide address or data 
paths and buses carrying parity. 
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High Performance Bus Interface Family 


The Am29821 is a 10-bit wide version of the popular '374 8-bit 


register. It has ten inputs, ten outputs, common buffered clock 
enable and three status Output Enable lines. The inverting 
version, Am29822, is comparable with the '534 8-bit device. 


The 9-bit registers, Am29823 and Am 29824, give up one bit to 
gain two additional control lines which are used for Clock 
Enable (EN), and Clear (CLR). This combines '273, '374 and 
'377 functions in one single package. The extra pins available 
on the 8-bit parts, Am29825 and Am29826, provide gate 
output enable capability, which eliminates the need for exter- 
nal gate packages when used in DMA or Multibus* control 
applications. The Am29825 can also be used to implement 
high source/sink drive on the data port for the AmZ8000** or 
8086 16-bit CPUs. The registers can be controlled from WR 
and CS, can be cleared and can be disabled for DMA 
operations. The two 24-pin parts replace four of the earlier 
octal devices plus one gate package, and system perfor- 


- mance is improved up to three or four times because of the 


reduced number of gate delays and shorter wiring traces. 


Other Functions 


Other functions in the Am29800 Family include latches, 
buffers and transceivers, comparators, and special parity 
transceivers. 


The Am29841 through Am29846 latches follow the pattern as 
the registers. The 10-bit device is similar in function to the 
popular 'S373 octal latch; control lines available are latch 
enable (LE) and three-state output enable (OE). The nonin- 
verting device is analogous to the '533 element. The 9-bit 
latches add preset (PRE) and clear (CLR) and the 8-bit options 
have added gated output enable controls. 


Buffers and inverters, Am29827 and Am29828, are 10-bit wide 
high performance versions of the '240 and '244 devices, while 
the transceivers emulate the '245 and 8304B octal elements. 
For improved operation in a noisy bus environment, all data 
inputs have 200mV minimum input hysteresis. 


The Metastable Problem 


One problem faced by designers is the interfacing of asyn- 
chronous digital signals. Although most difficulties can be 
overcome somewhat easily, there is also a more fundamental 
problem that defies a perfect solution. The following is a 
general overview of the metastable problem. 


Latches and flip-flops are normally considered bistable de- 
vices, since they have two unconditionally stable operating 
points, either HIGH or LOW. There is, however, a third 
operating point when the cross-coupled arrangement is exact- 
ly balanced. This operating point is stable only if there is no 
noise in the system and the system is perfectly balanced. The 
condition is called metastable (meta = Greek for '’between'’). 
A metastable condition will last only long enough for the circuit 
to fall into one of the two stable operating points. This time can 
be many microseconds, even milliseconds, for devices as fast 
as a 74S74 flip-flop. In other words, if a flip-flop has reached 
the balanced, metastable condition, it may remain in this state 
for an undetermined time, perhaps 1000 times longer than its 
normal response speed. 


When Does This Cause A Problem? 


in almost every digital system certain asynchronous events 
(key-strokes, incoming data, interrupts), must be synchronized 
to the computer clock. The textbook’solution is a fast, clocked 
flip-flop, like the 74S74, in which the asynchronous signal is 
applied to the D input and clocked with the system clock. This 
results in a perfectly synchronized output (usually). 


*Multibus is a registered trademark of Intel Corporation. 
**Z8000 is a trademark of Zilog, Inc. 


Let's analyze the timing more carefully: the data sheet 
specified a setup time requirement (for this device, ts = 3ns). 
This means that any signal that arrives at least 3ns before the 
clock edge will achieve the intended result, i.e., an H will set, 
an L will reset the flip-flop. Great for synchronous systems. But 
what happens when the asynchronous input violates this 
setup time requirement and changes less than 3ns before the 
clock edge? Well, most of the time, nothing. The actual 
moment where the flip-flop samples the D input is somewhere 
in the guaranteed range, i.e., somewhere less than 3ns before 
the clock. So the flip-flop makes the decision. It either senses 
the change on the asynchronous input and therefore changes 
its Q output, or it ignores the change and doesn't change the 
Q output. So the only thing lost is one clock cycle. Unfortu- 
nately, that's not always true. 


"Going metastable" here means that the synchronizer output 
is within a mid-level or oscillation range for an unpredictable 
time. Most occurrences will last less than 50ns, but may 
occasionally last much longer — perhaps many microseconds. 
This certainly can upset the timing chain. 


A metastable latch or flip-flop has an unpredictable delay and 
will therefore change its output at a time that differs from the 
value obtained from the worst case timing analysis. In a slow 
system this usually doesn't matter, but in a fast system it can 
lead to a ''crash." 


: in Conclusion: 


The Am29800 Family registers provide an additional bonus; 
they recover extremely fast from a metastable condition. 


The metastable condition occurs in all flip-flops any time the 
active clock edge interrogates the input at exactly the same 
time the input changes state. When this happens, the cross 
coupled latch at the output can reach a balanced, symmetrical 
condition which it will hold for some microseconds or even 
milliseconds before returning to its proper state. Previously, 
the designer of an asynchronous system had only one remedy 
for the metastable problem. Two or even three synchronizer 
flip-flops could be cascaded. This reduced probability of a 
metastable output but increased throughput delay. 


The Am29800 registers, while not totally immune to this 
problem, are ''metastable hardened'’ by means of a unique 
circuit design that reduces both the probability and the delay 
of any metastable condition under test. Artificially induced, a 
metastable condition failed to produce any output oscillations 
and increased the clock-to-input delay by a mere 6ns. This is 
an improvement of many orders of magnitude over previously 
available designs. 


it is Now Necessary to Look Beyond the 
Data Sheet 


if the D input changes exactly at the same moment that the 
flip-flop makes its decision, it might transfer exactly the 
amount of energy to kick the output latch into the metastable 
balanced condition, from which it will recover after an unpre- 
dictable delay (measured in nanoseconds, microseconds or 
even milliseconds). 


In other words: any latch, flip-flop, or register has a ''moment 
of truth'' somewhere inside the guaranteed range of setup 
time where it actually makes up its mind, and if the input 
changes at that very moment, the output is no longer 


synchronous. This ''moment of truth" is a very short window. 


For TTL flip-flops it is of the order of 10ps; for MOS devices it 
is more like 50ps to 100ps. For purposes of this discussion this 
timing window will be called ''t."’ 


How often does this happen? 
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Here are two extreme examples. In each case there is a need 
to synchronize asynchronous inputs that have no phase or 
frequency relationship with the computer clock. — 


@ Date signal derived from a disk, roughly 6MHz with enough 
frequency modulation and jitter to make it totally asynchro- 
nous to the 10MHz computer clock. How often will the TTL 
synchronizer go metastable? 


The answer is: every time the Data Signal falls into the 
"window." The probability of hitting the window is t divided 
by the clock period, or even simpler: clock frequency times t. 


M = Metastable Rate =f, °fo‘t 


fp = Device Frequency = 6MHz- 10MHz: 10ps = 600Hz 


f¢ = Clock Frequency 


The synchronizer goes metastable 600 times per 
second. 


®@ Keyboard entry: one keystroke per second synchronized 
- with a 100KHz clock. 


M = Metastable Rate = 1Hz~* 10°Hz- 10ps = 10°Hz 


The synchronizer goes metastable with a statistical probability 
of once per 10° sec, i.e., once every six weeks (assuming 5 
eight-hour days/week). 


29800 Design Guidelines 


The 29800 Family offers short delay and setup times, high 
drive capability (fan-out), and low input capacitance—attrac- 
tive features for modern high performance TTL systems. 


As in any high speed bus interface ('S240 series, FAST or 
Advanced Schottky), high edge rates and high drive capability 
mean that a certain amount of care must be exercised in the 
design of both signal paths and the grounding system. Since 
every data path is really a transmission line, the relationships 
between loading, termination, noise margins and ringing must 
be given more than cursory consideration. 


8-3 


Similarly, the grounding network may require either heavier 
busing or a grid approach depending on the number of drivers 
in a given area. 48mA per bit, plus the AC impact of charging 
bus lines can cause large ground currents. Distributed supply 
decoupling is required to provide local charging current for bus 
drive. 


Here are some general suggestions to minimize the potential 
for system induced grounding and noise problems. These 
suggestions, in conjunction with the designer's own practical 
experience handling similar problems with high performance 
S, AS or FAST logic families, will result in an optimum 
Am29800 design. 


@ Minimize Crosstalk 


Provide Tight Ground 
~ Use topside links to create a ground ''grid'' 
= In multi-layer boards, use a ground plane 
- In flat cables, make every other wire a ground 
- Minimize spacing between signal lines and ground 
- Maximize spacing between signal lines 


For backplane or wire-wrap systems, use a twisted pair for 
sensitive functions - clock, asynchronous set/clear lines. 


Use of 4 layer boards is recommended. 


® Increase Decoupling 


Distribute System Capacitance 

- Provide one bypass cap close to each buffer package 

- Provide one bypass cap for every two logic pack- 
ages 


Use High Frequency Capacitors 

- Take care in the selection of decoupling capacitor 
materials. Good choices include high frequency tanta- 
lum and ceramic types. 

- Do not use low frequency capacitors or aluminum 
electrolytics 


@ Be Sure All Lines Are Terminated 
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Am29806/Am29809 


Am29806/Am29809 


6-Bit Chip Select Decoder 
9-Bit Equal-to-Comparator 


DISTINCTIVE CHARACTERISTICS 


@ High-speed, expandable, 9-bit ‘'equal-to'’ comparator 
(Am29809) 

@ High-speed comparator with chip select decoder 
(Am29806) 


@ Multibus!™ compatible, open-collector acknowledge 
output 

@ Internal pull-up resistors on all B inputs 

@ Acknowledge timing control input 

@ Fully TTL-compatible inputs and outputs 


GENERAL DESCRIPTION 


Am29809 9-Bit Comparator 


The Am29809 is a 9-bit ''equal-to'’ comparator. Its combi- 
natorial, active LOW output, Eout, responds to the combi- 
nation of a LOW input on the enable input G and a match 
between input words A and B. 


Am29806 Chip Select Decoder 


The Am29806 combines a 6-bit ''equal-to'’ comparator with 
a 2- to 4-line decoder to select one-of-four active LOW chip 
select outputs. The selected output becomes active in 
response to the select inputs So, S; and is enabled by an 
active LOW input on the enable input G and a match 
between comparator inputs A and B. The active LOW 
output, Any Enable (ANYE), responds to a valid comparison 


of A and B and is intended for use as an output enable 
control for data path buffers associated with the selected 
peripheral or board. 


Both devices have open collector, active LOW acknowl- 
edge outputs with a conditional timing input C that may be 
driven by a timing circuit or wait state generator. The 
acknowledge output responds to a valid comparison, 
G=LOW and C=LOW. 


\ 


Both devices have internal pull-up resistors on the compar- 
ator B-inputs for easy connection to SPST switches to 
ground selected input lines. The comparator function is 
described by: 

Eout = (Ao © Bo) (Ai * By) (Az * Ba) ... (AiO B)G 


BLOCK DIAGRAM 


Am29806 (6-Bit) 


DECODER 


Multibus is a trademark of Intel Corporation. 
IMOX is a trademark of Advanced Micro Devices, Inc. 


Am29806 (9-Bit) 


COMPAR- 
ATOR 


BD001010 
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CONNECTION DIAGRAM 


D-24-SLIM 


: 


Am29806 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 
Am29806 


LOGIC SYMBOL 
Am29806 


— 24 Vec 


Bo 


B, 


Ao Ay Ag Ag Ag Ag Bo 8, Bz B; B, Bs 


DIE SIZE:.066” x .098” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


B 
L__ Screening Option 
Blank - Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M — Military (-55°C to + 125°C) 


Package 
D- 24-pin ceramic SLIMDIP (D-24-SLIM) 
L-—28-pin Leadiess Chip Carrier (L-28-1) 


Am29806 


Am29806 
Am29809 


X- Dice 
Valid Combinations 
Device type Consult the AMD sales office in your area to 
Am29806 - 6-Bit Chip Select Decoder determine if a device is currently available in the 
Am29809 — 9-Bit Equal-to-Comparator combination you wish. 


03424B 
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Am29806/Am29809 


CONNECTION DIAGRAM 


D-24-SLIM 


Am29809 


CD001470 


Top View 


CD001490 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


LOGIC SYMBOL 
Am29809 


Ay A, Az Ag Ag As Ag Az Ag 


By B, 82 By By Bs Bg By By 


8-6 


Vec 


Am29809 


Bo 
B, 
B2 
Bs 
By 
Bs 
Bg 


By 


DIE SIZE:.066" x .98” 
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PIN DESCRIPTION 


ie Comparator data inputs. Each Aj is compared with each B; on a bit basis. The comparator output is 


valid when all Aj bits match all B; bits. 


ACK Active LOW open collector acknowledge output. This output acknowledges memory of |/O transfers 
when A and B match and C and G are LOW. 
ane ANYE aes Active LOW output. Any Enable (ANYE) is LOW when G = LOW and there is a match between A and 
(Am29806) B. 


Active LOW input. This input is used to control when ACK is active. It will normally be connected to 


GND when no wait states or timing delays need to be inserted. It may be connected to a wait state 
generator or timer. 


Eout Active LOW output. The comparator output is active for G = LOW and a match between A and B. 
(Am29809) 
Ce aie Active LOW input. The comparator's input enable determines if the comparator's output is valid. G is 


normally used as an expansion input (connected to Am29809 Egy). 
Am29806 Only 


2k Decoder select inputs. These inputs are decoded to produce a 1-of-4 selection of the Ej; outputs. 


17-14 Fo, EY a Active LOW outputs. 1-of-4 outputs is active as selected by S; and So. 
Eo, E 


FUNCTION TABLES 
COMPARATOR FUNCTION TABLE | ACKNOWLEDGE FUNCTION TABLE 


* Assumes pull-up resistor. 


DECODER FUNCTION TABLE (Am29806) 


03424B 
8-7 Refer to Page 13-1 for Essential Information on Military Devices 


= 
3 
N 
© 
© 
° 
@ 
~ 
» 
4 
© 
© 
° 
© 


Am29806/Am29809 


TYPICAL APPLICATION 


MICROPROCESSOR ENABLE CONTROLLED, SELECTABLE, ADDRESS DECODER 


WAIT STATE 
GENERATOR 


VO CHIP SELECT 
OUTPUTS 


eee re eer meme 
i 


DATA BUFFER 
ENABLE 


AF000330 


MAX ENABLE (HIGH - to- LOW) DELAY OVER 15 BITS 
(Commercial Range) 


tpH_ | Aj or Bj to Eout 
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TYPICAL APPLICATION 
ADDRESS DECODING 
Am29806 Decodes and Enables 1 of 4 Banks of Memory 


FUNCTIONAL DESCRIPTION 


— Ag-Apo address inputs to Am29806 are 
compared to B3 — Bo inputs 

— Amatch between A3 - Ao and B3 — Bo enable 
the 2-to-4 line decoder 


— Address inputs S; So are decoded to provide 
the one appropriate output of E3 — Ep active 


> 
3 3 
N 
ee) 
©0 
a) 
@ 
~ 
ca 
3 
N 
ee) 
© 
° 
rr) 


ADDRESS LINES A, - Ayg 


DATA LINES Dp - Dy 


Am2764 
(8K x 8 ROM) 


DATA BUS 


AF000320 
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So 
3 ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
e Storage Temperature | s Calis i Gisesiies tah «Eos -65°C to + 150°C Commercial (C) Devices 
< | Ambient Temperature with ———- TOMperature ..........eceeeeeeseeeeeese eee eeees 0°C to +70°C 
g POWGS ADDUGG 2. ooo icc. 50. sce cesccessssesees -55°C to + 125°C Supply Voltage ...........scecccssesersensers +4.5V to +5.5V 
Supply Voltage to Ground ..............:eesere -0.5V to +7.0V ” ; 
DC Voltage Applied to Outputs Mery Tie weviee® ° ° 
2 FOMPOLANNG <i... -soc.ccdesss deco beset cine -55°C to +125°C 
E for High Output State ...................3 -0.5V to Vocmax Supply Voltage .......-.-cssssssessseseseseees +4.5V to +5.5V 
<i pallets Pie Guviis ec thee =O.8V jt0 ii Operating ranges define those limits over which the function- 
SC iiak Cand tA a al conk ee Oe eee 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Parameters Description Test Conditions 2 ee ee 
Output HIGH Voltage | Vcc = MIN, ao 


ian 
7 ACK lo, = 32mA 
Voo = MIN, [ACK lo. =32mA 
seaee! x tain aa — All Others lo. = .24mA 
ce a Pe 


Guaranteed Input Logical LOW 
Input LOW Level Voltage for All Inputs gaa 


fm [oe 
Voo= MIN, In=—18mA sieee es REE I SET 
i weeinoeachamer aens 
in| Input LOW Current | Voo-= MAX, Vin = 0.5V PPO SIRES 
Mites te ee 
co ee ee 
Input HIGH Curent | Voc = MAX, Vin = 2.4V fees eo | 
i 
CR GS Ee 
Input HIGH Current | Voc = MAX, Vin = 5V Bee eee Seo 
aie oo or 
ee ee a 
Looe ee 
eo 


Notes: 1. Typical limits are Ta = 25°C Vcc = 5.0V 
2. Except one-collector acknowledge output. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Due to internal pull-up resistor: 27kQ nominal. 
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SWITCHING TEST CIRCUIT 


Normal Output Open-Collector Output 


» 
3 
ND 
© 
© 
=) 
® 
~ 
Pg 
3 
N 
© 
© 
re 


TC000310 


TC000320 


Note: C. includes scope probe, wiring and stray capacitances without device in test fixture. 


Figure 2. 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


us waned sormmee A; or B; to E, and ANYE 

; OF bj tO cj an 
hs Bene CL = 50pF ae BS 
tPLH 


vom massa eas 
' G to Ej and ANYE 

| 

PF Aj or Bj to ACK = : 


pacers 
cee 
Bae 
coe ee 
Cy = 50pF 
Ba 
Poe | 
es 
rae 
cone, 3 


(- gioeraes RL = 3752 7 
oe aoe 

[=> amma Ct a ee pe 
R= 1K om aa ree 


Test Conditions COMMERCIAL MILITARY 
Parameters Description (See Figure 2) 


aot eis tei 

RL = 1k 
; G to Ej and ANYE 
t Aj or Bj to ACK 


tpLH (Note 1) C 

ACK L = 50pF 
'PHL ee RL = 3752 
tp_LH (Note 1) 
' G to ACK 


PL = 1K 


Note: 1. This propagation time is dependent on the RC time constant of the external load applied. 
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Am29806/Am29809 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Description Test Conditions (See Figure 2)__| min | Typ | Max | Unite 


| Sere ea ¢ Sa Bs A Se 
£06 Pile Sour ee pemney 8 ft 
es RL = 1k et OSS 
to Eout eo 
ee te 
a Lr oe 
Cy = 50pF nate a ee Se 
RL = 3762 ey ae aa Se GTR 
et em S256 eS Se 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


COMMERCIAL MILITARY 
Test Conditions | COMMERCIAL - 


Cy = 50pF 
Ry = 1kQ 


GtoE 
tpHL OUT 
tpLH (Note 1) 
: Aj or Bj to ACK 
tpLH (Note 1) 


te to ACK 
tPHL carck MS Se ee) 


Cy. = 50pF 
RL = 3752 


tp_H (Note 1) 


C; * 5.0pF, all inputs 
Ry“ = 27k nominal 
Ro = 10k nominal 


*Used only on B; inputs. 


03424B 
8-12 Refer to Page 13-1 for Essential information on Military Devices 


Am29818 


SSR™ Diagnostics/WCS Pipeline Register 


@ High-speed noninverting 8-bit parallel register for any 
data path or pipelining application 

@ WCS (Writable Control Store) pipeline register 
- Load WCS from serial register 
~ Read WCS via serial scan 

@ Alternate sourced as SN54/74S818 


The Am29818 is a high-speed, general-purpose pipeline 
register with an on-board shadow register for performing 
Serial Shadow Register (SSR) Diagnostics and/or Writable 
Control Store loading. 


The D-to-Y path provides an 8-bit parallel data path pipeline 
register for normal system operation. The shadow register 
can load parallel data to or from the pipeline register and 
can output data through the D input port (as in WCS 
loading). 


The 8-bit shadow register has multiplexer inputs that select 
parallel inputs from the Y-port or adjacent bits in the 


IMOX and SSR are trademarks of Advanced Micro Devices, Inc. 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


8-13 


@ High-speed 8-bit ''shadow register'’ with serial shift 
mode for Serial Shadow Register (SSR) Diagnostics 
- Controllability: serial scan in new machine state 
- Observability: serial scan out diagnostics routine re- 
sults 


shadow register to operate as a right-shift-only shift regis- 
ter. This register can then participate in a serial loop 
throughout the system where normal data, address, status 
and control registers are replaced with Am29818 Diagnos- 
tic Pipeline Registers. The loop can be used to scan in a 
complete test routine starting point (data, address, etc.). 
Then after a specified number of clock cycles, the data 
clocked out can be compared to the expected results. WCS 
loading can be accomplished using the same technique. An 
instruction word can be serially shifted into the shadow 
register and written into the WCS RAM by enabling the D 
output. 


BD001020 
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Am29818 


CONNECTION DIAGRAM 
Top View 


D-24-SLIM | CHIP. PAK™ 
L-28-1 


$ 
a 
28 


CD001100 


METALLIZATION AND PAD LAYOUT 

Am29818 | 
OEY 
DCLK 


_— 
2 eke! a eh, 


? 5 
2 i 
a 


D Der sates = 
U © SOME ela 
Do > hay Mm otra 4 = it 
| & ee ho eer ea at ay ‘ D 
D3 c 
D, ae 
Ds 
Dg Ps as a 


Peed 
Dz 


DIE SIZE: .105 x .124 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


DC, DCB, DM, 


Am29818 D Cc B 
Ls Screening Option 


Blank - Standard processing DMB 
B= Burn-in Am29818 LC, LCB, LM, 
LMB 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D-24-pin SLIMDIP (D-24-SLIM) 
L—28-pin Leadless Chip Carrier (L-28-1) 
X- Dice Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


XC, XM 


Device type 
SSRIM Diagnostics/WCS Pipeline Register 


Chip Pak is a trademark of Advanced Micro Devices, Inc 03425C 
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Am29818 FUNCTION TABLE DESCRIPTION 


Data transfers into the shadow register occur on the LOW-to- 
‘HIGH transition of DCLK. MODE and SDI determines what 
data source will be loaded. The pipeline register is loaded on 
the LOW-to-HIGH transition of PCLK. MODE selects whether 


PIN DESCRIPTION 


IName | 1/0 | Description 


_Pin No. | (0 | | 

Ss a 
control modes). 

rae MC en 

| 23. ~~ [MODE _| |_| Control input for pipeline register multiplexer and shadow register control (see Function Table). 

a a ae ee 

Sees | 1 | Pipeline register clock input loads D-port or shadow register contents on LOW-to-HIGH transition. 

| 41 ——-« {SDI t__| Serial Data input to shadow register. (See Function Table.) 

| 14 ~*|SDO0 ~—+|-O_| Serial Data Output from shadow register. 

| 45-22  [Y7-Yo | O | Data Outputs from the pipeline register and parallel inputs to the shadow register. 


the data source is the data input or the shadow register output. 
Because of the independence of the clock inputs data can be 
shifted in the shadow register via DCLK and loaded into the 
pipeline register from the data input via PCLK simultaneously. 
As long as no set-up or hold times are violated, this simulta- 
neous operation is legal. 


; Shadow | Pipeline 
DCLK | PCLK Register | Register Operation 
X 


Normal Load Pipeline Register 
| NA | Load Shadow Register from Y; D7-Do Disabled 
| NA | PKS | Load Pipeline Register from Shadow Register 


rear PNA Serial Shift; D7 -Do Disabled 


Hold Shadow Register; S7 - Dp Enabled* 


*Although not shown, Hold is implemented by gating DCLK internally. 


FUNCTION TABLE DEFINITIONS 


INPUTS OUTPUTS 


H = HIGH $7-So = 
L = LOW P7-Po9 = Pipeline Register outputs 
X = Don't Care D7-Do = Data 1/O port 

t = LOW-to-HIGH transition Y7-Yo = Y I/O port 


NA 


BLOCK DIAGRAM 


BD001020 


8-15 


Shadow Register outputs 


Not applicable output is not a function of the 
specified input combinations. 


SHADOW REGISTER 
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Am29818 


AN INTRODUCTION TO SERIAL SHADOW 
REGISTER (SSR) DIAGNOSTICS 


DIAGNOSTICS 


A diagnostics capability provides the necessary functionality 
as well as a systematic method for detecting and pin-pointing 
hardware-related failures in a system. This capability must be 
able to both observe intermediate test points and control 
intermediate signals - address, data, contro! and status - to 
exercise all portions of the system under test. These two 
capabilities - observability and controllability - provide the 
ability to establish a desired set of input conditions and state 
register values, sample the necessary outputs, and determine 
whether the system is functioning correctly. 


TESTING COMBINATIONAL 
AND SEQUENTIAL NETWORKS 


The problem of testing a combinational logic network is well 
understood (Figure 1). Sets of input signals (test vectors) are 
applied to the network and the network outputs are compared 
to the set of computed outputs (result vectors). In some cases 
sets of test vectors and result vectors can be generated in a 
computer-aided environment, minimizing engineering effort. 
Additionally, fault coverage analysis can be automated to 
provide a measure of how efficient a set of test vectors is at 
pin-pointing hardware failures. For example, a popular mea- 
sure of fault coverage computes the percentage of stuck-at- 


- ones (nodes with outputs always HIGH) and stuck-at-zeros 


(nodes with outputs always LOW) a given set at test vectors 
will discover. 


Figure 1. 


COMBINATORIAL 


INPUTS LOGIC 


DF000070 


A sequential network (Figure 2) is much more difficult to test 
systematically. The outputs of a sequential network depend 
not only on the present inputs but also on the internal state of 
the network. Initializing the internal state register to the value 
necessary to test a given set of inputs is difficult at best, and 
not easily automated. Additionally, observing the internal state 
of a sequential network can be very difficult and time 
consuming if the state information is not directly available. For 
example, consider the problem of determining the value of an 
internal 16-bit counter if only a carry-out signal is available. 
The counter must be clocked until it reaches the carry-out 
state and the starting value computed. Up to 65,535 clock 
cycles may be necessary! An easier method must exist. Serial 
Shadow Register diagnostics provides this method. 


Figure 2. 


s 


SERIAL SHADOW REGISTER DIAGNOSTICS 


Serial Shadow Register diagnostics provides sufficient observ- 
ability and controllability to turn any sequential network into a 
combinational network. This is accomplished by providing the 
means to both initialize (control) and sample (observe) the 
state elements of a sequential network. Figure 3 shows the 
method by which serial shadow register diagnostics accom- 
plishes these two functions. 


Figure 3. 


INTERNAL 
STATES 


DF000040 


Serial Shadow Register diagnostics utilizes an extra multiplex- 
er on the input of each state register and a duplicate or 
shadow of each state flip/flop in an additional register. The 
shadow register can be loaded serially via the serial data input 
(thus the name Serial Shadow Register diagnostics) for 
controllability. Once the desired state information is loaded 
into the serial register it can be transferred into the internal 
state register by selecting the multiplexer and clocking the 
state register with PLCK. This allows any internal state to be 
set to a desired state in a simple, quick, and systematic 
manner. 


Internal state information can be sampled by loading the serial 
register from the state register outputs. This state information 
can then be shifted out via the serial data output to provide 
observability. Notice that the serial data inputs and outputs 
can be cascaded to make long chains of state information 
available on a minimum number of connections. 


In effect, Serial Shadow Register diagnostics breaks. the 
normal feedback path of the sequential network and estab- 
lishes a logical path with which inputs can be defined and 
outputs sampled (Figure 4). This means that those techniques 
which have been developed to test combinational networks 
can be applied to any sequential network in which Serial 
Shadow Register diagnostics is utilized. 


Figure 4. 


DFO00080 DF000050 
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A TYPICAL COMPUTER ARCHITECTURE WITH 
SSR DIAGNOSTICS $ 


When normal pipeline registers are replaced by SSR diagnos- 
tics pipeline registers system debug and diagnostics are easily 
implemented. State information which was inaccessible is now 
both observable and controllable. Figure 5 shows a typical 
computer system using the Am29818. 


Serial paths have been added to all the important state 
registers (macro instruction, data, status, address, and micro 
instruction registers). This extra path will make it easier to 
diagnose system failures by breaking the feed-back paths and 
turning sequential state machines into combinatorial logic 


Figure 5. Typical System Configuration 


checked by loading the micro instruction register with the 
necessary micro instruction. The desired ALU function is then 
executed and the status outputs captured in the status 
register. The status bits can then be serially shifted out and 
checked for validity. 


A single diagnostic loop was shown in Figure 5 for simplicity, 
but several loops can be employed in more complicated 
systems to reduce scan time. Additionally, the Am29818s can 
be used to sample intermediate test points not associated with 
normal state information. These additional test points can 
further ease diagnostics, testability and debug. 


blocks. For example, the status outputs of the ALU may be 


| - 
3 
© 
o 
me. 


DATA BUS 
INSTRUCTION & MEMORY DATA —— 
REGISTER REGISTERS 


OIAGNOSTICS 
AND WCS 


CONTROLLER INSTRUCTION 


MAPPING 
PROM 


MICROPROGRAM 
SEQUENCER 


CONTROL STORE 
RAM OR PROM 


GISTER 


SYSTEM CONTROLS 


PIPELINE . PIPELINE | PIPELINE 
RE REGISTER REGISTER 


Neti meer renner ats ROR TEN BEEN RETRY RS 2 RES 


SSR DIAGNOSTICS/WCS PIPELINE REGISTERS 


ADDRESS BUS 


REPLACE NORMAL REGISTERS WITH DIAGNOSTICS LOOP 


USE OF THE Am29818 PIPELINE REGISTER IN 
WRITABLE CONTROL STORE (WCS) DESIGNS 


The Am29818 SSR diagnostics/WCS Pipeline Register was 
designed specifically to support writable control store designs. 
In the past, designers of WCS based systems needed to use 
an excessive amount of support circuitry to implement a WCS. 
As shown in Figure 7, additional input and output buffers are 
necessary to provide paths from the parallel input data bus to 
the memory, and from the instruction register to the output 
data bus. The input port is necessary to write data to the 
control store, initializing the micromemory. The output port 
provides the access to the instruction register, indirectly 
allowing the RAM to be read. Additionally, access to the 
instruction register is useful during system debugging and 
system diagnostics. 


DF000030 


The Am29818 supports all of the above operations (and more) 
without any support circuitry. Figure 6 shows a typical WCS 
design with the Am29818. Access to memory is now possible 
over the serial diagnostics port. The instruction register 
contents may be read by serially shifting the information out on 
the diagnostics port. Additionally, the instruction register may 
be written from the serial port via the shadow register. This 


simplifies system debug and diagnostics operations consider- — 


ably. 
CONCLUSION 


Serial Shadow Register diagnostics provides the observability 
and controllability necessary to take any sequential network 
and turn it into a combinational network. This provides a 
method for pin-pointing digital system hardware failures in a 
systematic and well-understood fashion. 


03425C 
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Am29818 


Figure 6. Am29818 Based WCS Application. 


_ MICROPROGRAM ADDRESS 


SERIAL 
DATA INPUT 


DOCLK 


DF000100 


Figure 7. WCS Application without Am29818s. | 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
Ambient Temperature with Temperature 

Power Applied -55°C to +125°C Supply Voltage 
Supply Voltage to Ground Potential 

Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs 

for High Output State -0.5V to Vocmax 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


slLs6écuiy 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 

aes Description —_ Conditions (Note 1) ae (Note 2) Mae Ce 
= MIN, -Y7: lon =-3mA 

[Vou [Output HGH vonage | Yea or Vi DpDr, S60: ton =—1mA ey 


ie aan Yo-Y7: lo, = 16mA (Mil) 24mA (Comm) 
VoL Output LOW Voltage age va oe 2 5 or, SDO: Io, = 4mA (Mil), 8mA Volts 


| Vin __| Input HIGH Level Guaranteed Input Logical HIGH Voltage for all Inputs 
| Vi____| Input LOW Level Guaranteed Input Logical LOW Voltage for all Inputs ee 


Voc = MIN, 
= A 


PCLK wo eed 
out TOW Canes | Voc SUAK Ve ORV Leek ee ee a 


(5. _ Seema SR ed 
Y¥7, D9 =7 Pee oa | 
Ae a ae CEN 
Input HIGH Current POLK Yo=¥r, Do-Dr a eee ae 
Ce ae ee Onan DUciand meee comer See 


Ne 
eS 
Off-Stat a 
Alacinpedenbey | [Von Man Vo = 0.5V Kearse: Be! 
Output Current Vo = 2.4V noes pore ee oe 
Output Short Circuit Mom oe Ce Pe Ree re ee 
eee es 


ere ae ee 
ie) ie ee | 
GCo™ 


Power Supply Current 
(Note 4) 


reer el Rees | oe 
ae ee 


For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
2. Typical limits are TA = 25°C Vcc = 5.0V. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All three-state outputs are in the HIGH impedance state. 
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Am29818 © 


SWITCHING TEST CIRCUIT 


SDO OUTPUT THREE-STATE OUTPUTS 


TEST 
POINT 


FROM OUTPUT 
UNDER TEST 


C, INCLUDES 


ALL DIODES 
1N916 OR 
1N3064 


Note 1. C_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL MILITARY 
Parameters Description . Test Conditions 


PCLK 5 Yx 
MODE ..SDO 
SDI-.SDO 


DCLK.SDO 
Dy + PCLK 


MODE | PCLK 


Y,— DCLK 


ts MODE - DCLK 
SDI DCLK 


See Test 
Y, + DCLK Output Load 
Conditions 

MODE — DCLK 
SDI DCLK 

“es DCLK Dy 
DCLK -. Dy 

tZL 

DCLK - D, 
DCLK — Dy : 


DCLK (HIGH and LOW) 


“AC performance over the operating range is guaranteed by testing defined in Group A, Subgroup 9. 


ns 


Max 
[30 
eee 
Bsa | 
see 
pee 
od 
are 
peace | 
bees 
sue 
adele 
Seas 
ee 
Sao 
eo 
ae 
ot 
a 
eee 
ae 
ae 
ee 


03425C 
8-20 


a 
g 
Ss 
Z 
§ 
: 
g 
m 
: 
E 
§ 
g 
z 
g 
3 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Be ee 
sees 
na THA 
Conditions 


ee eS a 


_— 
ne) 


ao ae 
DCLK (HIGH «and |DCLK (HIGHand LOW) 
SWITCHING WAVEFORMS 


SET UP, HOLD, AND RELEASE TIMES ENABLE AND DISABLE TIMES 
Enable Disable 


CONTROL _ 
INPUT 


DATA YVYVVY 


WIV 
INPUT NVVV\\ ; 


NVVVV\ i 

OUTPUT 

is NORMALLY LOW 

SUR SE SAIS Meadaen INS <form ee = po. 
‘Ee v 
GR REE eg 2 

OUTPUT ae ss 

WF001460 NORMALLY HIGH sonal 0.5V = 

WF001290 


Notes: 1. Diagram shown for HIGH data only. Output Notes: 1. Diagram shown for Input Control Enable-LOW 
transition may be opposite sense. and Input control Disable-HIGH. 
2. Cross hatched area is don't care condition. 2. S; and So of load circuit are closed except 
: where shown. 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Zo = 5022; tr <2.5ns; ts <2.5ns. 
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Am29818 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


SWITCHING WAVEFORMS 


PULSE WIDTH 


PROPAGATION DELAY 


SAME PHASE 


INPUT TRANSITION 


WF001270 


Note: 1. Pulse Generator for All Pulses: Rate < 


'PLH PHL 


OPPOSITE PHASE 


INPUT TRANSITION ES 1.5V 


ov 
WF001420 


1.0MHz; Zo = 502; ty <2.5ns; ts <2.5ns. 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


Voc 


8-22 
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High Performance Bus Interface Registers 


DISTINCTIVE CHARACTERISTICS 


@ High-speed parallel registers with positive edge-trig- 
gered D-type flip-flops 
- Noninverting CP-Y tpp = 7.5ns typ 
- Inverting CP-Y tpp = 7.5ns typ 
Buffered common Clock Enable (EN) and asynchronous 
Clear input (CLR) 


@ Three-state outputs glitch free during power-up and 
down. Outputs have Schottky clamp to ground 
@ 48mA Commercial lo_, 32mA MIL Io. 
@ Low input/output capacitance 
- 6pF inputs (typical) 
- 8pF outputs (typical) 
Metastable ''Hardened''’ Registers 


GENERAL DESCRIPTION 


The Am29820 Series bus interface registers are designed 
to eliminate the extra packages required to buffer existing 
registers and provide extra data width for wider address/ 
data paths or buses carrying parity. The Am29821 and 
- Am29822 are buffered, 10-bit wide versions of the popular 
'374/'534 functions. The Am29823 and Am29824 are 9-bit 
wide buffered registers with Clock Enable (EN) and Clear 
(CLR) - ideal for parity bus interfacing in high performance 
microprogrammed systems. The Am29825 and Am29826 
are 8-bit buffered registers with all the '823/4 controls plus 


multiple enables (OE;, OE2, OE3) to allow multiuser control 
of the interface, e.g., CS, DMA, and RD/WR. They are ideal 
for use as an output port requiring high Io./lon. 


All of the AM29800 high performance interface family are 


designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 


BLOCK DIAGRAM 


Yn 
BD001080 


PRODUCT SELECTOR GUIDE 


ose [eet | ean 


92 - Les6culy 


Am29821 | Am29823 | Am29825 
Am29822 | Am29824 | Am29826 


IMOX is a trademark of Advanced Micro Devices, Inc. 01420C 
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CONNECTION DIAGRAM 
Top View 


Am29821/Am29822 10-BIT REGISTERS 


Am29821 - 26 


CD001360 CD001370 


LOGIC SYMBOL | METALLIZATION AND PAD LAYOUT 
10-Bit Registers 
Am29821* 


LS000450 


DIE SIZE 0.084" x 0.064” 
*Note: Am29822 is inverted 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29821 — 26 D Cc B 


L— Screening Option Am29821 
Blank — Standard processing Am29822 

B - Burn-in Am29823 
Temperature (See Operating Range) Am29824 
C -—Commercial (0°C to + 70°C) Am29825 
M - Military (-55°C to + 125°C) Am29826 


Package 
D- 24-pin SLIM DIP (D-24-SLIM) 
L-28-pin Leadless Chip Carrier (L-28-1) 
X- Dice 
Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Device type 
High Performance 
Bus Interface Registers 


01420C 
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CONNECTION DIAGRAM 
Top View 


Am29823/Am29824 9-BIT REGISTERS 


> 
3 
ND 
© 
0 
x) 
soaks 
ND 
o 


CD001220 CD001230 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
9-Bit Registers 
Am29823* 


Pele 


LS000430 


DIE SIZE 0.084” x 0.064” 
*Note: Am29825 is inverted 
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Am29821 — 26 


CONNECTION DIAGRAM 
Top View 


Am29825/Am29826 8-BIT REGISTERS 


CD001200 CD001210 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 
8-Bit Registers 
Am29825* 


LS000420 


BRAS eee a 


DIE SIZE 0.084” x 0.064” 
*NOTE: m29826 is inverted 
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PIN DESCRIPTION 


eis ume U0 | Desenption se ee 
es ae ee ee 


9z - L7g6zTWIY 


For both inverting and noninverting registers, when the clear input is LOW and OE is LOW, the Q; 


CLR 
er er | outputs are LOW. When the clear input is HIGH, data can be entered into the register. 


Co Ce ee Clock Pulse for the Register; enters data into the reyister on the LOW-to-HIGH transition. 


ea 1 Oe | The register three-state outputs. 


Clock Enable. When the clock enable is LOW, data on the D; input is transferred to the Qj output on the 
LOW-to-HIGH clock transition. When the clock enable is HIGH, the Qj outputs do not change state, 
regardiess of the data or clock input transitions. (Note 5.) 
eee 
Note 5: The Am29823 thru Am29826 registers achieve short throughput delay and setup time and reduced power consumption by 
means of a clock gating and latching circuit. This circuit is sensitive to very short ( < 3ns) HIGH-to-LOW-to-HIGH going 


Output Control. When the OE input is HIGH, the Yj; outputs are in the high impedance state. When the 
OE input is LOW, the TRUE register data is present at the Yj outputs. 

spikes on EN while CP is HIGH. The designer should be aware of this and avoid the use of decoders or other potentially 

glitching devices in the EN logic. 


FUNCTION TABLES 


Am29821/29823/29825 Am29822/29824/29826 


Clear 


L 
L 
Load L 
L 
H =HIGH NC = No Change H =HIGH NC = No Change 
L =LOW t =LOW-to-HIGH Transition L =LOW t = LOW-to-HIGH Transition 
X =Don't Care Z =High Impedance X =Don't Care Z =High Impedance 


01420C . 
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Am29821-26 _ 


ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature .....................000 -65°C to + 150°C Commercial (C) Devices 

“Ambient Temperature with Temperature ..... tvderinaadetes. dwehn sess. 0°C to +70°C 
Power Ania... -55°C to +125°C Supply Voltage ...... CAEN BES +4.75V to +5.25V 

Supply Voltage to Ground Potential 


Military (M) Devices 


Gontinyous). S65, ang AE ai decal ieale. -0.5V to +7.0V 6 a 
DC Voltage Applied to Outputs bbl yr SRC UE aaa tannaits ova and Bee ti + : a 
for High Output State ...............05... -0.5V to Voc max BEDIY. ROMAGS ssncsesseretedenasedereranse des aegis: Sean 

WENT At vies 4 Operating ranges define those limits over which the function- 
ER ANDO WORMS, occ scss icirepeasitaaccusceae -0.5V to +5.5V ality of the device is guaranteed 
DC Output Current, into Outputs .............0.00.0...0.. 100mA : 
ee at Current --..-.c ct -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters Description Test Conditions (Note 1) 


lon =-15mA 
lo 


Typ 
(Note 2) 
Output HIGH Voltage Vec = MIN Ei. vs eee 
Vin = Vino Vib 


ieee as 


MIL,lo = 32mA 
Output LOW Voltage Voc = MIN 
Vin = Viq or Vit COM'L, lo. = 48mA 


Guaranteed input logical HIGH 
np HIGH Lara voltage for all inputs 

Guaranteed input logical LOW 
nR-LOW -Lovel voltage for all inputs 


RS 
: — 
v 7 
V Voo= MIN, lin=~18mA agi 
Voo=MAX, Vin=2.7V ees 
Voc = MAX, Vin = 55V ne 
Ses 
a 
ae & 
ee 
ast 


Output Off-State (High Impedance) | _ yay Vo = 0.4V 
Output Current cc Vo = 2.4V 
Output Short Circuit Current 3 

(Note 3) Voc = MAX 


Voc = MAX Over Temperature Range 


+ 70°C 
+ 125°C 


MA 


MA 


VOH 
OL 
ViH 
iL 
| 
Nit 
Isc 


loc Supply Current (Note 4) Outputs Open 
EN = LOW 


ost 
ee 
P08) 
sacs 
ante 
aoa 
AES 
Bet 
gown 
gee 
gees 


For conditions shown as MIN or MAX, use. the appropriate value specified under recommended Operating Range. 
. All typical values are Voc = 5.0V, Ta = 25°C. 
. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
. Clock input, CP, is HIGH after clocking in data to produce outputs = LOW. 
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SWITCHING TEST CIRCUIT 


92 - Lze6zuIy 


FROM OUTPUT 
UNOER TEST 


Cy INCLUDES ALL DIODES 


PROBE AND JIG 
CAPACITANCE | ne OR 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc= 5.0V) 


Cy = 50pF 


(as ls 
ee rere 

[ts | Enable EN LL) to CP Setup Time | 

fis | Enable ENF) to GP Setup Time | OL = S0pF 
pt | Enable (ER) Hold Time 

fis | Clear Recovery CRF) Time 

Ne eee 


Clock Pulse Width ee 
‘PW 0. = 50pF 
Clear (CLR = LOW) Pulse Width 


Cy = 300pF 


Note: 4. See test circuit and ra 
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Am29821 — 26 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Test Conditions COMMERCIAL MILITARY 
Parameters Description (Note 4) 
Facpagation Delay Clock to Yj 
LOW) 


: 
PLH C, = 300pF 


tPHL 


Min _| 
a 
Bie) 
poate 
Poe 
[ts | Data to CF Setup Time md 
[tH | Data to CF Hold Time ge 
jts | Enable (EN 1) to CP Setup Time coe 
[ts | Enable (ENS) to CP Setup Time O, = SOpF aS 
pty | Enable (ER) Hold Time ae 
pe . Beene 
eee 
mene 
Bee See. 
femmes 
Bee 
Set 
es 
Se 


tPHL Propagation Delay, Clear to Yj 
| ts __—__| Clear Recovery (CLR L.) Time 


Clock Pulse Width 


SS ieotio A es 
Ciear (GIR = LOW) Pulse Width 


Cy = 300pF 
Output Enable Time OE t_to Yj 
Cy = 50pF 
Cy = 50pF 
Output Disable Time OE Sto Yj 
Cy = 5pF 


SWITCHING WAVEFORMS 


Note: 4. See test circuit and waveforms. 


SET UP, HOLD, AND RELEASE TIMES ENABLE AND DISABLE TIMES 
Enable Disable 


CONTROL 
INPUT 


3 
DATA YA Sie YYW - 
INPUT VV NV F 
ie | OUTPUT 
= NORMALLY LOW ¢, opeyy 


1.5V '2H 


Oe | 
OUTPUT 
WF001460 NORMALLY HIGH $1 OPEN 1.5V 


Notes: 1. Diagram shown for HIGH data only. Output Notes: 1. Diagram shown for input Control Enable-LOW 
transition may be opposite sense. and Input Control Disable-HIGH. 
2. Cross hatched area is don't care condition. 2. S; and So of Load Circuit are closed except 
where shown. 


Note: Pulse Generator for All Pulses: Rate < 10MHz; Zp = 5022; tp <2.5ns; ts < 2.5ns. 
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PROPAGATION DELAY ee : PULSE WIDTH 


SAME PHASE 16V - 
INPUT TRANSITION 
OV 
LOW-HIGH-LOW 
'PLH ee fuse. 
ae MO 
OUTPUT Sf 15V 


> 

3 

RO 

© 

fo] { 
NO 

away, 

] 

NO 

fo2) 


win te BG Lea 


OPPOSITE PHASE 
INPUT TRANSITION cele wae hones 1.5V WF001270 
tc Taree: OV 


WF001420 


Note: Pulse Generator for All Pulses: Rate < 10MHz; Zp, = 502; t, <2.5ns; t < 2.5ns. 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


Be eA ee 
oF a a jog 
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Am29827/Am29828 


Am29827/ Am29828 


High Performance Buffers 


DISTINCTIVE CHARACTERISTICS 


@ High-speed buffers and inverters 
- Noninverting tpp = 5.0ns typ 
- Inverting tpp = 4.5ns typ 
@ 200mV minimum input hysteresis on input data ports 


Three-state outputs glitch-free during power-up and 
-down. Outputs have Schottky clamp to ground 
48mA commercial lo_, 32mA military lo. 

High capacitance load capability 

Low capacitance inputs and outputs 


GENERAL DESCRIPTION 


The Am29827 and Am29828 10-bit bus buffers provide 
high performance bus interface buffering for wide data/ 
address paths or buses carrying parity. The 10-bit buffers 
have NOR-ed output enables for maximum control flexibili- 
ty. All buffer data inputs have 200mV minimum input 
hysteresis to provide improved noise rejection. - 


BLOCK 


All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 


DIAGRAM 


Am29827/Am29828 10-BIT BUFFERS 


Y2 Y3 Yq Ys 


Y6 Y7 Yg 


a 2 é 


IMOX is a trademark of Advanced Mirco Devices, inc. 


03371B 


8-32 Refer to Page 13-1 for Essential Information on Military Devices 


CONNECTION DIAGRAM 
Top View 


Am29827/Am29828 10-BIT BUS DRIVERS 


87e6cwly /2786cwly 


Am29627 (NONINVERTING) 
LS000390 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29827 Valid Combinations 


Am29828 D Cc 


DC, DCB, DM, 


B 

L.. Screening Option 
Blank - Standard processing Am29827 
B - Burn-in Am29828 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D-24-pin SLIM DIP (D-24-SLIM) 
L-—28-pin Leadiless Chip Carrier (L-28-1) 
X- Dice 


Valid Combinations 
: Consult the AMD sales office in your area to 
hich Puleiianos Buffers determine if a device is currently available in the 
combination you wish. 
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Am29827/Am29828 


PIN DESCRIPTION 


[Pin No, Name | VO [Description 


oe ee Po When both are LOW the outputs are enabled. When either one or both are HIGH the outputs are HI-Z. 


| [| | 10-bit data input. 
as eee ce 10-bit data output. 


FUNCTION TABLES 


Am29827 (Noninverting) Am29828 (inverting) 
oe ae os aoe 
a ee ee 
ee | tc | 6 | Treepatent 
Cee Boer ee So ees 


BE 


oe lw eS 
Te | Transparent 
Pete a 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 

Ambient Temperature with Temperature 0°C to +70°C 
Power Applied -55°C to +125°C Supply Voltage +4.75V to +5.25V 

Supply Voltage to Ground Potential Military (M) Devices 


Continuous -0.5V to +7.0V a é 
DC Voltage Applied to Outputs Tempersiee a6 0 tee 
for High Output State -1.5V to Vocmax Supply Volpe : oe 
g P : o YCC Operating ranges define those limits over which the function- 


DC Input Voltage -0.5V to +5.5V Satie 
Output Current, into Outputs ality of the device is guaranteed. 


DC Input Current -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


: 
a See ae RN an 


V Output LOW Voltage Vice a oe V 
ot eo lowe aa 
i | 
Cine emer Te fp 
Guaranteed input logical LOW voltage 
aie ow rasacac 
pal lamp Votan Vos = MI, y= Tama a ee 
Input Hysteresis Output under test connected to Switching Test Circuit | 200 | | | mw | 
input LOW Curent Woo = MAX Vy = OAV FR ARIE sis 
Tn pu HIGH Curent Woo = MAK, Vin= 27¥ Sica Gn GT 
Ti Trp GH Caren Veo = MAK, Vin = 850 amet 
Output Off-State : - 
loz | Output Current (HI-2) es Bai aien is Beta BS 
Output Off-State et - 
Output Curt 2 Woo" MAK, Vo = 04V ae 
Flog | Oupad Shon caw Gna Same Ort ei 
iments tt 
Supply Curent ow ee 
+ 125°C ee eee ee 


Note: 1 Typical Units are Voc = 5V, Ta = 25°C 
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Szs6ewiy /Les6cuy 


Am29827/Am29828 


SWITCHING TEST CIRCUIT 


TEST 
POINT 


FROM OUTPUT 
UNDER TEST 


C, INCLUDES 
PROBE AND JIG 


CAPACITANCE ’ 1N3064 


TC000360 


Note: Pulse Generator for All Pulses: Rate < 10MHz; 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


| a ae anced ESE Wr a 
Data (D)) to Output (¥) eee ee ie. | 
er a Pa Mice 7 ON ET a 
pede lee | ee 
Coeioar es Se eee 
Data (0) to Output (¥) aes eC ee ee 
fil anc ree Bese eS Ee eS Bee 
ae Ee ee ee 
oo cae SRM Ss 2 OR BS Re 
Output Enable Time OE to Y; Co ee ee we 
2 a ey 6) whose ees Te ae ee 
aes Re 
a a Kee ae Ss ee ee 
Output Disable Time OE to Yj ea Se ee 
pee Sor aes es oe ae 
eR ia | aed et [ne] 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters Description Test Conditions | Min | Max | | Min | Max | 
Pe ee ee 


Se oak Tas aes 
Data (0) to Output (¥) Po ee ee 
Am29827 (Noninverting) 
- Ca alock fore) Ge Se el ee ee 
fe eth 
ES —E——E—EEE 
Data (©) to Output (¥) eas i eS ae 
ee és aoe ees Os he Sees ES Be 
eee Se os EE ae ee 
aa 7 paso | Fe 
Output Enable Time OE to ¥ oot fol | ee 
aS EEE 
Be A es ee Se 
Output Disable Time OE to epee ee WE oe | 
oS ae ftir pe ee ee 
ia i eae ae ee ee 
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SWITCHING WAVEFORMS 


PROPAGATION DELAY ENABLE AND DISABLE TIMES 
Enable Disable 


ScsécWily/Z786cwly 


airmen annette Si 3V | 
SAME PHASE CONTROL __ | 

INPUT TRANSITION  camenmemnoe mort INPUT BARAT SRLS AOS ESATO ITTE —_——_———— 1 5V 

————_—_—__———_ ov 
4 
OUTPUT 0.5V 
OUTPUT NORMALLY ~15V 
L 
Vou 


OPPOSITE PHASE __ 
INPUT TRANSITION 


Vou 
OUTPUT 
————— 15V¥V.__ NORMALLY 1.5V ~1.5V 
HIGH 


WF001300 WF001310 


Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 
2. Si and So of Load Circuit are closed except 
where shown. 
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Am29833-34/Am29853-54 


Am29833-34/Am29853-54 


Parity Bus Transceivers 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


High-speed bidirectional bus transceiver for processor 
organized devices 

Error flag with open-collector output 

Generates odd parity for all-zero protection 

Buffered direction three-state control 


@ Output short-circuit protected to Vcc limits 
@ 200mV minimum input hysteresis on input data ports 
@ High-capacitance drive capability 

48mA commercial lo. 

32mA military loL 


GENERAL DESCRIPTION 


The Am29833/34/53/54 are high-performance bus trans- 
ceivers designed for two-way communications. They each 
contain an 8-bit data path from the R (port) to the T (port), a 
9-bit data path from the T (port) to the R (port), and a 9-bit 
parity checker/generator. Two options are available. The 
Am29833/34 register option, and the Am29853/54 latch 
option. With the register option, the error flag can be 
clocked and stored in a register and read at the open- 
collector ERR output. The clear (CLR) input is used to clear 
the error flag register. With the latch option, the error can 
be either passed, stored, sampled or cleared at the error 
flag output by using the EN and CLR controls. 


The output enables OET and OER are used to force the 
port outputs to the high-impedance state so that the device 
can drive bus lines directly. In addition, the OER and OET 
can be used to force a parity error by enabling both lines 
simultaneously. This transmission of inverted parity gives 
the designer more system diagnostic capability. The 
Am29833 and Am29853 are noninverting, while the 
Am29834 and Am29854 present inverting data at the 
outputs. The devices are specified at 48mA output sink 
current over the commercial range and 32mA over the 
military range. 


BLOCK DIAGRAM 


Am29833 
(Device Shown Noninverting) 


K > PARITY 


BD001040 


*Noninverting buffer for Am29833; inverting buffer for Am29834. 
*Note that the inverting device converts the positive logic ''R'' bus levels to negative logic levels on the ''T'' bus. 
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INECTION DIAGRAM 
Top View 


8-BIT TO 9-BIT PARITY TRCEIVERS Leadiess Chip Carrier 
L-28-1 


> 
3 
N 
© 
o9 
x) 
a) 
i 
rm) 
a 
~ 
> 
| 
N 
© 
© 
a 
) 
i 
or 
Ae 


CD001110 


CD001120 CD001130 


ORRING INFORMATION 


sated bas are available in several packages ancerating ranges. The order number is formed by a combination of the following: 
umber, speed option (if applicable), pacle type, operating range and screening option (if desired). 


Valid Combinations 


DC, DCB, DM, 


Am29833 - 34 
Am29853-54 D 


B 
L_ Screen Option 


Am29833 
Blank Standard processing pie 


B — Bin 
Temperature ee Operating Range) 
C -Commerc (0°C to +70°C) 
M - Military (5°C to +125°C) 
Package 
D-24-pin SLIM DIP )-24-SLIM) 


Am29854 


L-28-pin Leadless tip Carrier (L-28-1) 
X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Parity Bus Transceivers combination you wish. 
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eat Shenae e aves Peele te = 2 x. Z 2 ; ee —_ 
+ § . 
a PIN DESCRIPTI 
V9] 
© 
& | Pin No. [Name [V0 [Description 
& Am29833 - 34 
Sit OER |_| RECEIVE enable input. . 
oOo] sR] _| @ bit RECEIVE data output. rey Per 
my EAA Output from fault registers. Registers detection of city fault on using clock edge (CLK). A register: 
4 : remains LOW until cleared. 
& [11 [OCR | © | Cieare the taut register output 
E |__| ___| © [et TRANSMIT deta ouput 
ee OCR Ee Ue eee ee ee ee 
2 eee einai 
| 13 «(CLK ~—s|_='t___‘| External clock pulse input for fault register flag. 
Am29853/54 


RECEIVE enable input. 
8-bit RECEIVE data output. 


‘ ains 
Output from fault latches. Latches detection of odity fault on active enable EN. A latched ERR output rem 
LOW until cleared. 


Clears the fault latch output. 
8-bit TRANSMIT data output. 
1-bit PARITY output. 
TRANSMIT enable input. 
Enable latch input for fault flag. 


| 9 =| 
Z 


BLOCK DIAGRAM 
Am29853 
(Device Shown Noninvert) 


BD001030 
*Noninverting buffer for Am29853; inverting buffer for Am29854. he "T" bus 
*Note that the inverting device converts the positive logic ''R' bus levels to negative logic levels on the 
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FUNCTION TABLES 


Am29833 NONINVERTING OPTION 


ee SS 
GET | OER EO] Cu | wy ote | tt Pm tH A ter 


Transmit data from R Port 
to T Port with parity, 
receiving path is disabled 


iA aed be (eek 


Receive data from T Port 
to R Port with parity 
test resulting in flag, 
L (Even) transmitting path is disabled 


5 
Clear the state of error 
flag register 


NA NA Hy Hi NA 

NA L L NA 

NA L H NA 
L 
L 


t 
t 
t 
t 


> 
3 
2 
3 
: 
s 
> 
= 
: 
° 
? 


- Z Z Both transmitting and 
4 - Z Z receiving paths are disabled. 
H t L (Odd) ; Zz : Parity logic defaults to 
H t H (Even) Z L transmit mode 
L L H (Odd) H H NA |Forced-error checking 
L L H (Even) H L NA 
L L L (Odd) NA NA L H NA 
L = L (Even) NA NA L L NA 


Am29834 INVERTING OPTION* 


re ee ee 
[REE OEE ea arb tem ere at ve 


Bare Transmit data from R Port 


to T Port with parity, 
receiving path is disabled 


“ek el eee 


L t ie NA NA H Receive data from T Port 
L t L <r NA L to R Port with parity 
: t H NA H test resulting in flag, 

t L (Even) H ic L transmitting path is disabled 


Clear the state of error 
flag register 


ie ae Both transmitting and 
‘ ee 
H t L (Odd) 
H t L (Even) 


receiving paths are disabled. 
Parity logic defaults to 
transmit mode 


L L H (Odd) L L Forced-error checking 
L 3 H (Even) L H 

i L L (Odd) NA NA H L NA 

L L L (Even) NA NA H H NA 

H i Z  =High impedance Odd = Odd number of logic one's 
L =Low NA =Not applicable Even= Even number of logic one's 
t = Low to high transition of clock -  =Don't care or irrelevant i =0, 1,2, 3, 4, 5, 8; 7 


NC =No change 


*Note that for the negative logic levels on the B Port, an ''H'' represents a logic ''0'' while an ''L"' represents a logic ''1." 
1. Output state assumes HIGH output pre-state. 


ERROR FLAG OUTPUT TRUTH TABLE 


Am29833 - Am29834 (REGISTER OPTION) Am29853/Am29854 (LATCH OPTION) 


Internal | Outputs 
to Device | Pre-state 


*Enable is used as strobe for the latch in sampled 
operation. 
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Am29833-34/Am29853-54 


Am29853 NONINVERTING OPTION / 
joer [oe | cor | cox | more) | the panty oor) | m_| ti | ary | ERR 
NA L 
H 
L 


NA Transmit data from R Port 
to T Port with parity, 


receiving path is disabled 


L L NA Receive data from T Port 
L L NA to R Port with parity 

L L NA test resulting in flag, 

L L NA transmitting path is 


disabled 


Receive data from T Port 
to R Port, pass the 

error test resulting to 
error flag, transmitting 
path is disabled 


Store the state of error 
flag register 
Clear the state of error 
flag register 


Both transmitting and 
receiving paths are disabled. 
Parity logic defaults 

to transmit mode 


a el a 


L L NA_ |Forced-error checking 
L L H (Even) NA NA NA 
L L L (Odd) NA NA NA 
L L L (Even) NA NA NA 


i Transmit data from R Port 
L to T Port with parity, 
L receiving path is disabled 
L 
L L _ NA NA Receive data from T Port 
L L L NA NA to R Port with parity 
L L H NA NA test resulting in flag, 
L L H NA NA transmitting path is 


disabled 


Receive data from T Port 
to R Port, pass the 

error test resulting to 
error flag, transmitting 
path is disabled 


Store the state of error 
flag register 
Clear the state of error 
flag register 


Both transmitting and 
receiving paths are disabled. 
Parity logic defaults 

to transmit mode 


Forced-error checking 


NA 


aS See 
NA 
NA 
NA 
NA 


"Rae pa aa it Lib it eo as 
Sree ere a on 


E 


H H ~ 
L H - 
- L L (Odd) 
- L L (Even) 


L (Even) 


NA = Not applicable Odd = Odd number of logic one's 
= Low ERRp.1= Pre-state of ERR Even= Even number of logic one's 
Z  =High impedance - =Don't care or irrelevant ; i =0, 1, 2, 3, 4; 5, 6, 7 


NC =No change 


*Note that for the negative logic levels on the B Port, an ''H" represents a logic "'0"' while an ''L" represents a logic "1." 
1. Output state assumes HIGH output pre-state. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ............ccceeceeeeees -65°C to + 150°C 
Ambient Temperature with 

FROWION FIN oo cos c5 ss is sons cv cvcns -55°C to +125°C 
Supply Voltage to Ground Potential 

RTI os ccoa ts cox ppawsvenesccs\anssakean -0.5V to +7.0V 
DC Voltage Applied to Output 

for High Output State ............0........ -1.5V to Vocmax 
BWR AIO, VOPR coy 5 vce vdachees np cats cccnseiet -0.5V to +5.5V 
DC Output Current, into Outputs .....................008- 
EPs SUNRISE ins cj ckces So «twice s acnins 


OPERATING RANGES 


Commercial (C) Devices 
MMM SOTEN Gos <5. 25 occa. oir sinkens tacce ts ka 0°C to +70°C 
oly -VONRGO:|......0\250ctisespcotsvasas, +4.75V to +5.25V 


Military (M) Devices 
PMTOT INS oso des sc ccs cosy chaseiins cine -55°C to +125°C 


Supply Voltage ...............cccceseseseesees +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


ality of the device is guaranteed. 


VS -ES86cWY /PE - Feséeuy 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


: Typ 
Parameters _ Description Test Conditions wie asta 
7 a bc Be so OR is 2 as Bi ag Pe 
cus neeta onan einen CS aie eee : 


VOH 
eee te 
Vor | Output LOW Voltage Voo=min |AlOther — fign=s2mamin | | | 8 | 
Vin=Vin or Vu [ior =46mA COME |_| _—*+i| os 
Guaranteed Input Logical HIGH Voltage for All Inputs | 20 | |_| _v 
Guaranteed Input Logical LOW Voltage for All inputs | |_| 08 |v 
Voc = MIN, iy = =18mA Le 
Output Connected to AC Test Load Girult ae 
2 er eee es ee 
een cane oo ee oe 
[tw | Mput HIGH Current __———*«dS Voc = MAX, Vi=2.7V MRE Ge eS 
Pi __| Input HIGH Current | Voc=MAX, Vin=5.6V Co a 
a. Se a es Norew pac ka) oo aah | +100] we 
(High Impedance) voua ee i, a eee 
[Isc ___| Output Short Circuit Gurent_____| Voo= MAX Ce | | 
[Over Temperature Range | |__| 198 
Power Supply Curent 1 a Se as eT 
: ee ee a 


Note: 1 Typical units are TA = 25°C, Voc = 5V. 
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Am29833-34/Am29853 -54 


SWITCHING TEST CIRCUIT 
CIRCUIT NO. 1 CIRCUIT NO. 2 


TC000380 


Note: Test Circuit No. 1 is used with Propagation delay 
SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


C= ae ae 
Propagation Delay Fj to Tj, Tj to Rj 
tPLH 
tPHL 
tPLH 
iat |_| Brondbation Delay Fi ae PARITY 


Output Enable Time OER, OET to Rij, Tj 


Output Disable Time OER, OET to Rij, Tj 


<eeeeerent Tj, PARITY to CLK Setup Time* 


Mi Se Fees ees 

tae es | 

Oe ee ee 

seine, A a Se Fes OR 

LOW Bek) SS Ge ee 

iow Bie ee eee 
momo | oem Tt ee 

Popewion Ooty COR w ERR ee Ps 

: eee 
ABE ozo On Anes se Na A 
oe EEE 
Sees Propagation Delay OER to Parity = as Hacer Leet 6 ee ee 
: ties See e Se ate Ge eee 
pene Pe ee 


*For Am29853/54 replace CLK with EN. 
**Note: Not applicable to Am29853/54. 
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Am29833/53 SWITCHING WAVEFORMS (NONINVERTING OPTION) 


(EVEN) 


> 
: 
@ 
ba : 
S 
=~ 
> 
3 

S 
& 
a 
4 
on 
Be 


T;, PARITY® 


{PHL 


WF001390 


a. Rj to Tj, PARITY 


"Calculation must be done from last arriving signal. 


WF001320 WF001370 


c. OET to Tj, PARITY d. OER to R; 


WF001350 


e. OER to PARITY 
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Am29833-34/Am29853-54 


Am29834/54 SWITCHING WAVEFORMS (INVERTING OPTION) 


(EVEN) 


T;, PARITY* 


tPHL 
WF001330 


a. Rj to Tj, PARITY b. Tj to R; 


*Calculation must be done from last arriving signal. 


T;, PARITY 
OUTPUT 
NORMALLY 
Low 


T;, PARITY 
OUTPUT 
NORMALLY 
HIGH 


WF001320 WF001370 


c. OET to Tj, PARITY 


WF001360 WF001350 


e. OER to PARITY 
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SWITCHING WAVEFORMS (REGISTER OPTION, Am29833/34) 


(EVEN) 


s 
T, + PARITY 


yS-ese6zwiv/pe-eesezuy 


WF001430 


a. CLK, CLR to ERR 


SWITCHING WAVEFORMS (LATCH OPTION, Am29853/54) 


3V 


OV 


(EVEN) | | | 
3V 


* 
T; + PARITY le 1.5V 


| | | 
Se, . Hi \\ 
a 


ciR 


ai | 
= a Be is Re 
tpHL oa tpin 


PASS STORE CLEAR SAMPLE 
WF001440 


b. Tj, PARITY, EN, CLR to ERR 


*Calculation must be done from last arriving signal. 
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Am29841 - 46 


High Performance Bus Interface Latches 


@ High-speed parallel latches 

- Noninverting transparent tpp = 5.25ns typ 

- Inverting transparent tpp = 6.0ns typ 
@ Buffered common latch enable, clear and preset input 
@ Three-state outputs glitch-free during power-up and 


down. Outputs have Schottky clamp to ground 


The Am29840 Series bus interface latches are designed to 
eliminate the extra packages required to buffer existing 
latches and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29841 and Am29842 
are buffered, 10-bit wide versions of the popular '373 
function. The Am29843 and Am29844 are 9-bit wide 
buffered latches with Preset (PRE) and Clear (CLR) - ideal 
for parity bus interfacing in high performance systems. The 
Am29845 and Am29846 are 8-bit buffered latches with all 
the '843/4 controls plus multiple enables (OE;, OE2, OE3) 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION» 


BLOCK DIAGRAM 


@ 48mA Commercial Io_, 32mA MIL Io. 
®@ Low input/output capacitance 

- 6pF inputs (typical) 

- 8pF outputs (typical) 
® IOH specified 2.0V and 2.4V 


to allow multiuser control of the interface, e.g., CS, DMA, 
and RD/WR. They are ideal for use as an output port 
requiring high lo./Iou. 


All of the Am29800 high performance interface family 
products are designed for high capacitance load drive 
capability while providing low capacitance bus loading at 
both inputs and outputs. All inputs are Schottky diode 
inputs, and all outputs are designed for low Capacitance 
bus loading in the high impedance state. 


Am29843 


Oo oO, O2 0; 


3 
be 7/ 
ese 
ai 


Yo 


IMOX is a trademark of Advanced Micro Devices, inc. 


apnanag 


PRODUCT SELECTOR GUIDE 


0-8 


8-48 


r 
Ls 


4 a 


Tost | oot 


i 


01972C 
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CONNECTION DIAGRAM 
Top View 


Am29841/Am29842 10-BIT LATCHES 


> 
3 
: 
oh 
1 

& 


METALLIZATION AND PAD LAYOUT 
Am29841* 
10-Bit Latches 


24 Voc 
23 Yo 


22 Y, 


- 215 
20 Y3 
= ~19-N, 
18 Ys, 
17 Ye 
16 ¥> 


15 Ye 


~ 14 Yq 
— 13LE 


DIE SIZE 0.084” x 0.064” 
Note: the Am29842 is inverted 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am29841 


Am29841 — 46 D Cc B 
ae Screening Option 


Blank - Standard processing Am29842 DC, DCB, DM, 
B - Burn-in Am?29843 DMB 
3 pear py LC, LCB, LM, 
Temperature (See Operating Range) m 
C -—Commercial (0°C to +70°C) Am29845 


M -Military (-55°C to +125°C) Am29846 
Package 

D- 24-pin SLIM DIP (D-24-SLIM) 

L-28-pin Leadiess Chip Carrier (L-28-1) 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
High Performance Bus Interface Latches combination you wish. 
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Am29841 - 46 


CONNECTION DIAGRAM 
Top View 


Am29843/Am29844 9-BIT LATCHES 


8-50 


2 
me 
1 


CD001410 


METALLIZATION AND PAD LAYOUT 
Am29843* 
9-Bit Latches 


24 Voc 
23 Yo 


22 Y, 


21 Y> 
20 Y3 
19 Yq 
18 Y,, 
17 Ye 
16 Y, 


15 Yg 


14 PRE 
“re 13 LE 


DIE SIZE 0.084” x 0.064” 
Note: the Am29844 is inverted 
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LE 


PRE cir? 


CONNECTION DIAGRAM 
Top View 


Am29845/Am29846 8-BIT LATCHES 


8-51 


CD001350 


METALLIZATION AND PAD LAYOUT 
Am29845* 
8-Bit Latches 


-— OC 
— 23 0E, 
22 Y, 


21-Y, 
20 Y, 
19 Y; 
18 Y, 
17 Yc 
16 Y¢ 


15 Y7 


14 PRE 
GNBI2. tee gir 3 


DIE SIZE 0.084” x 0.064” 
Note: the Am29846 is inverted 
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Am29841 — 46 


PIN DESCRIPTION 


Am29841/43/45 (Noninverting) | 


When CLR is LOW, the outputs are LOW if OE is LOW. When CLR is HIGH, data can be entered into the latch. 
The latch data inputs. 


ee The latch enable input. The latches are transparent when LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 
SSS eS ie 


The 3-state latch outputs. 


The output enable control. When OE is LOW, the outputs are enabled. When OE is HIGH, the outputs Yj; are in the 
high-impedance (off) state. 


Preset line. When PRE is LOW, the outputs are HIGH if OF is LOW. Preset overrides CLR. 


When CLR is LOW, the outputs are LOW if OE is LOW. When CLR is HIGH, data can be entered into the latch. 
The latch inverting data inputs. 


ae gee The latch enable input. The latches are transparent when LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 


The 3-state latch outputs. 


The output enable control. When OE is LOW, the outputs are enabled. When OE is HIGH, the outputs Yj; are in the 
high-impedance (off) state. 


Preset line. When PRE is LOW, the outputs are HIGH if OE is LOW. Preset overrides CLR. 


FUNCTION TABLES 


29841/43/45 (Noninverting) 29842/44/46 (inverting) 


a Cl 
xlrme|oe|velo| o | w_ 


Latched 
(Hi-Z) 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 


Storage Temperature .................eee scene -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with PRIME OUNO 50.5 sp nkaibegessudeetees wh ceneates 
Power Applied ...............cseceeeeeceeeees -55°C to +125°C SUPE VONBOG:. os... <5. .2sccfeecscee re sacs 
Supply Voltage to Ground Potential 
CIOS 5 «iss 5 0 baci gee ee eeneee ea «tae -0.5V to +7.0V 
DC Voltage Applied to Outputs 
for High Output State ..................... -0.5V to Vocmax 


9p - Lys6cwiy 


Military (M) Devices 
FOUN ones ks 5a snc ntsc diccecsces's -55°C to +125°C 
CRI VV OUR nics gccesicciscsarvncssarseess +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


OS I VOUBGO oii cckscarstodsrstiscss econ set -0.5V to +5.5V ality of the device is guaranteed. | 


DC Output Current, into Outputs .................. eee ees 
EMer WIG CAMPING 6.555 toccocsrdansievessesess 


Stresses above those listed under ABSOLUTE MAXIMUM | 
RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


ee | eee een Pr pe 
Se 
te ee 
SB Ele 
SS Ec 


[vi | input Giamp Votage «doc = MIN, w==i@maSSC~dCCCS 
Tin [input LOW Curent | Voc=MAX Vw=oav CSS 
input HIGH Curent oS Pa Se Sam 

Tinput HIGH Curent ———*(Vop= MAX Vw=s5V CdS 

eee 

2 


Output Off-State (High Impedance) | _ max 
os te at 


Scot ined Ste ES 
Range 
ESPs eee a he 1005-4 


Notes: 1. All typical values are Ta = 25°C, Voc = 5.0V. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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Am29841 — 46 


SWITCHING TEST CIRCUIT 


FROM OUTPUT 
UNDER TEST 


Vcc 
Se 


1802 


C, INCLUDES 


PROBE AND JIG 
CAPACITANCE 


ALL DIODES 
\/ IN9I6OR 
1N3064 


TCO00360 


FA 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Test Conditions 
Parameters Description (Note 4) 


tp 
(Am29841, 3, 5) 
Data (Dj) to Output Y; (LE = HIGH) 


COMMERCIAL 


MILITARY 


C. = 50pF 


CL =300pF 


LH 
Data to LE Setup Time 
Cy = 50pF 
yy —- 4-2] Data to LE Hold Time . 
tPHL 
L 
L 


PL! 
(Am29842, 4, 6) C. = 50pF 
Data (Dj) to Output (Yj) (LE = HIGH) 
Data to LE Setup Time 
L 
L 


Cy = 300pF 


Ci = 50pF 
Data to LE Hold Time 
Shes IS — 
L = 80p 
Latch Enable (LE) to Yj 


Propagation Delay, Preset to Y 
: . C. = 50pF 


Preset Recovery (PRE SJ ) Time 
Propagation Delay, Clear to Yj 


S 
an 


C. = 300pF 


_ 
MN 


= 
MN 


Clear Recovery (CLAS ) Time 


LE Pulse Width HHIGH | 
Preset Pulse Width Cl = 50pF 
Clear Pulse Width 


Output Enable Time OE ‘to Y; 


CL = 300pF 


ts 
t 
t 
tz 
t 


- eS CL = 50pF 


Ci = 50pF 


a Output Disable Time OF TS to Y; 


Note: 4. See test circuit and waveforms. 


Cy. = 5pF 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Voc = 5.0V) 


| Test Conditions : 
Parameters Description (Note 4) Typ 


A 5.7 

(Am29841, 3, 5) C. = 50pF 
Data (D)) to Output Yj (LE = HIGH) meee ee ee 
aS ee 
| 
Pi et Fen Le Seow | 

Cy = 50pF 

[ty | Data to LE Hold Time 


LH 
LH 
(Am29842, 4, 6) 


Data (0) to Output (¥)) (LE = HIGH) es 


tPLH 


| 20. | 

Bs 

Bee eee 

oun, foe 
iti sok 
[is __{pwa eit Soup Time fg ge FBS 
ee 

== 

saad 

Sos 

ieee 

oe 


2) 
~ 
i] 
5 
oO 


tp 
ts 


Cy = 50pF 
pty (| Data to LE Hold Time _ 


of —— ear aN eT a 

See ear 
Latch Enable (LE) to Yj 

eo 

eee 


Preset Recovery (PRE t_) Time 
Propagation Delay, Clear to Yj 
Clear Recovery (CLAS ) Time 


enews Pode fh aero tong = | 


Output Enable Time OE ‘to Y; 


aoe 
i Ses SaaS ee a noee howe 
oo Sl ee 


} 
Output Disable Time OE Sto Yj 


Note: 4. See test circuit and waveforms. 
5. Not tested. 
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Lys6cwy 


) 4 


Am29841 - 46 


SWITCHING WAVEFORMS 


SET UP, HOLD, AND RELEASE TIMES — 


DATA YYVYVVY YE = 
INPUT WV AVAYAYAYAY A 
= 
ae 
OV 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross hatched area is don't care condition. 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION 


‘PLH PHL 


OPPOSITE PHASE 
INPUT TRANSITION 


WF001420 


1.5V 
OV 


ENABLE AND DISABLt 


Enable Disabie 
CONTROL 
INPUT — 
OUTPUT 
NORMALLY 
LOW S. OPEN 


cee '2ZH es 
VOH 
OUTPUT oa 7 
NORMALLY s, OPEN 5 ~1.5V 
WF001410 


Notes: 1. Diagram shown for Input Control Enable-LOW 


and Input Control Disable-HIGH. 
2. S1 and So of Load Circuit are closed except 
where shown. 


PULSE WIDTH 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


WF001270 


Note: Pulse Generator for All Pulses: Rate < 10MHz; Zo = 5022; t; < 2.5ns; ty <2.5ns. 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


8-56 
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Am29861 - 64 


High Performance Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


@ High-speed symmetrical bidirectional transceivers 
- Noninverting tpp = 5.0ns typ 
- Inverting tpp = 4.5ns typ 
@ 200mV minimum input hysteresis on input data ports 


@ Three-state outputs glitch-free during power-up and 
down. Outputs have Schottky clamp to ground 
48mA commercial lo_, 32mA military lo. 

Low input/output capacitance 
IOH specified 2.0V and 2.4V 


GENERAL DESCRIPTION 


The Am29860 Series bus transceivers provide high perfor- 
mance bus interface buffering for wide data/address paths 
or buses carrying parity. The Am29863/64 9-bit transceiv- 
ers have NOR-ed output enables for maximum control 
flexibility. All transceiver data inputs have 200mV minimum 
input hysteresis to provide improved noise rejection. 


All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 


BLOCK DIAGRAM 


Am29861/Am29862 10-BIT TRANSCEIVERS 


Ts % 


Abikabriankien 
fanart ith 


IMOX is a trademark of Advanced Micro Devices, Inc. 


8-57 


Vg 6 7 


oer 


BD001060 
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Am29861 —- 64 


CONNECTION DIAGRAM 
Top View 


Am29861/Am29862 10-BIT TRANSCEIVERS 


Am29661 (NONINVERTING) 
LS000370 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29861 — 64 D Cc B Valid Combinations 


L_ Screening Option DC, DCB, DM 
Blank - Standard processing Am29861 oe ae ees 
B - Burn-in 


Am29862 
Am29863 LC, LCB, LM, 


Temperature (See Operating Range) Am29864 
C -Commercial (0°C to +70°C) 
M —Military (-55°C to +125°C) 


Package 
D- 24-pin SLIM DIP (D-24-SLIM) 
L—28-pin Leadless Chip Carrier (L-28-1) 
X- Dice Valid Combinations 
‘ Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
High Performance Bus Transceiver combination you wish. 
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CONNECTION DIAGRAM 
Top View 


Am29863/Am29864 9-BIT TRANSCEIVERS 


79 - L986zWIY 


Am29863 (NONINVERTING) se 


LS000380 
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Am29861 - 64 


PIN DESCRIPTION 


OL a en aR ee eee 


Am29861/Am29862 


| 1. [OER |__| When LOW in conjunction with OET HIGH activates the RECEIVE mode. 
| 13. | OET ~—|_I__| When LOW in conjunction with OER HIGH activates the TRANSMIT mode. 
| TR ss] 10-bit RECEIVE input/output. 

| dL Ts «0 _[ 10-bit TRANSMIT input/output. 


Am29863/Am29864 


SS. SS When both are LOW in conjunction with any OET|; HIGH indicates the RECEIVE mode. 
| «| OET;_~—s|sL_| When both are LOW in conjunction with any OER) HIGH indicates the TRANSMIT mode. 
| ST Rss _‘| 98-bit RECEIVE input/output. 

| CSTs] 98-bit TRANSMIT input/output. 


FUNCTION TABLES 


Am29861/Am2983 Ss Am29862/Am29864 (inverting) 


tee eet 
ea inn rere (oer | orn | i | T| A | Ti 

Pew Pe [wala Provo] [oe Tw De [wa wal 9 [ron 
Pew [walwn ee wana Prnartig 


X = Don't Care 
L=LOW N/A = Not Applicable 
Z = High Impedance 


Am29863/Am29864 
9-BIT TRANSCEIVERS 


T2 T; , Ts T¢ 


ar Hee 


OET; oer, 
BD001070 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
Ambient Temperature with Temperature 

Power Applied -55°C to +125°C Supply Voltage 
Supply Voltage to Ground Potential Military (M) Devices 


Continuous -0.5V to +7.0V | A ° 
~ + 
DC Voltage Applied to Output Mb dtl - a fee 
for High Output State -1.5V to Vocmax i lobe da ae ee 
, Operating ranges define those limits over which the function- 


DC Input voltage -0.5V to +5.5V : saree 
DC Output Current, Into Outputs ey eee 2 guaranteed. | 


DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


p9-L9sezwy 


DC CHARACTERISTICS over operating range unless otherwise specified 


[__Deseripton [| Yeat Conditions ‘| win | Typ | Max | Unie, 


Ta [ec ae a aS 

eee a 
Sagem eet 

oe ral aes 


Guaranteed input logical HIGH voltage 
Input HIGH Level for all inputs 

Guaranteed input logical LOW voltage 
Input LOW Level for all inputs 


ViveT _| Input Hysteresis 
in| Input LOW Curren 


Output Off-State a a 

Output Current (HI-Z) Voc = MAX, Vo = 2.4V 
Output Off-State - 2 

loz. Output Current (HI-Z) Voc = MAX, Vo = 0.4V 


Output Short Circuit Current Voc = MAX 


eae Over Temperature Range 
eS 
Supply Current Outp in Onan + 70°C 
+ 125°C 


VOH 
VOL 
ViH 
Vit 
Vi 


; i 
= 
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Am29861 — 64 


SWITCHING TEST CIRCUIT 


FROM OUTPUT 
UNDER TEST 


Voc 
cd 
1802. 


C, INCLUDES ALL DIODES 


PROBE AND JIG 
CAPACITANCE | 


Note: Pulse Generator for All Pulses: Rate < 10MHz; Zp = 5022; t; <2.5ns; t; <2.5ns. 
SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Description |___Test Conditions | Min | Typ | Max | Units | 


om: eet - ee eS 
a ee gee my Oe Fomey peeeuiee | ow | 
Am29861/Am29863 (Noninverting) Seis se Se a ee 
| ares | we | 
cag. tae et | 
PSE Faas Cee mers | eae Ae 
Am29862/Am29864 (Inverting) ge FSA ak 2a! Ta a 
| r | 105 | 120 | ne | 
Paro het a Peery ee Ts | | 
Enable Tine DET 1 7, ad ak 
ty «| OER to R, Bic ss 
: ‘eu ep be) lone | 
2 —— oe tee 
Output Disable Time OET to Tj and 
a en oan Saas hone palette | oe | 
ae ee ee 


—9 oe 
Propagation Daly om ss ae 
Ba To vetig) ces a 

ae eae as ames oe 
ae ee I 
Propagation Delay om a — 

t ° e 

{Ain29862/Am129864 (inverting) De ee ae Se ae 
eeiaa As SS ee 
ares Sees Gu mess. aces 

= eee Benne Ges moe Ge a 
een nom | f ——} 

3 

oe ig SS oe 
Re ey MS See a 
a Oe ee 
a 
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SWITCHING WAVEFORMS 


PROPAGATION DELAY 


SAME PHASE __ 
INPUT TRANSITION 


OUTPUT 


OPPOSITE PHASE __ 
INPUT TRANSITION 


ov 
WF001470 


ENABLE AND DISABLE TIMES 


> 
e 
N 
© 
oo 
o 
aah, 
: 
@ 
eS 


Enable Disable 
3V 
CONTROL 

INPUT” ine Aire Reese aT TRE RNY Renee ere eae 

oceneamsinnssieniemienme ()\/ 

LZ 
OUTPUT 0.5V 
NORMALLY ~1.5V 
LOW 

Vou 


VOH 
OUTPUT 
NORMALLY 1.5V ~=<T.5V, 
HIGH —§, OPEN 


WF001450 


Notes: 1. Diagram shown for input Control Enable-LOW 
and Input Control Disable-HIGH. 
2. Si and So of Load Circuit are closed except 
where shown. 
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HIGH PERFORMANCE SCHOTTKY LOGIC 
LOW-POWER SCHOTTKY LOGIC 
8x8 PARALLEL MULTIPLIERS 


Am25S 
Am25LS 


Am25S and Am25LS 
Logic Family Index 


Am25S05 
Am25LS07/Am25LS08 
Am25S07/Am25S08 
Am25LS09 

Am25S09 

Am25S10 

Am25LS14A 

Am25LS15 

Am25S18 

Am25LS22 

Am25LS23 

Am25LS2513 
Am25LS381/Am54LS381 
Am74LS381/Am25LS2517 


Am25LS2518 
Am25LS2519 


Am25LS2520 
Am25LS2521 
Am25LS2535 
Am25LS2536 
Am25LS2537 
Am25LS2538 
Am25LS2539 
Am25LS2548 


Am25S557/Am25S558 
Am25LS2568/Am25LS2569 


Four-Bit by Two-Bit Two's Complement Multiplier .................. 9-1 
Hex/Quad Parallel D Registers with Register Enable ............. 9-8 
Hex/Quad Parallel D Register with Register Enable............. 9-13 
Quad Two-Input, High-Speed Register..................ccceeeeeeeees 9-20 
Quad Two-lInput, High-Speed Register ...................ccceeeeeeees 9-26 
Four-Bit Shifter with Three-State Outputs...................... 2 eee: 9-32 
8-Bit Serial/Parallel Two's Complement Multiplier ................ 9-38 
Quad Serial Adder/Subtractor ....... es is a 9-45 
Quad D Register with Standard and Three-State Outputs ..... 9-51 
8-Bit Serial/Parallel Register with Sign Extend.................... 9-57 
8-Bit Shift/Storage Register with Synchronous Clear ............ 9-64 
Three-State Priority Encoder ..............ccccceeeesenccceeeeesecueeees 9-69 


Arithmetic Logic Unit/Function Generator Low-Power 

schotiky. Integrated: Circuits... ccci5s iisccenscoccacntccevcediendecis. 9-77 
Quad D Register with Standard and Three-State Outputs ..... 9-89 
Quad Register with Two Independently Controlled 


FEW Sorts COUN os ooo oe we ae eee cree ek cee bes ebb suse 9-95 
Octal D-Type Flip-Flop with Clear, Clock Enable and 

Fhfeeretare Gomi es Seo cei decease ee ees 4... 9-101 
Eight-Bit Equal-to Comparator ..............::cecsseeeeeseeeeeeeeees 9-108 
Eight-Input Multiplexer with Control Register ..................... 9-113 
Eight-Bit Decoder with Control Storage .................ceceeeeeee 9-120 
One-of-Ten Decoder with Three-State Outputs and 

Polarity: CONMWOR era ie Avo acct ee hw 9-125 
One-of-Eight Decoder with Three-State Outputs and 

PONTE SIE oes Fis os oo dosed eas na Shae ts fuss vee eee ns vie 9-131 
Dual One-of-Four Decoder with Three-State Outputs and 

PONS: COIN Fs cas Seeds v cco ve ce desea dead ees es ees 9-138 
Chip Select Address Decoder with Acknowledge............... 9-144 
Eight-Bit by Eight-Bit Combinatorial Multiplier .................... 9-150 
Four-Bit Up/Down Counters with Three-State Outputs ........ 9-157 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


Am25S05 


Four-Bit by Two-Bit Two's Complement Multiplier 


@ Provides 2's complement multiplication at high speed 
without correction. 

@ Can be used in a combinatorial array or in a time 

sequenced mode. 


The Am25S05 is a high-speed digite! multiplier that can 
multiply numbers represented in the 2's complement nota- 
tion and produce a 2's complement product without correc- 
tion. The device consists of a 4x2 multiplier that can be 
connected to form iterative arrays able to multiply numbers 
either directly, or in a time sequenced arrangement. The 
device assumes that the most significant digit in a word 
Carries a negative weight, and can therefore be used in 
arrays where the multiplicand and multiplier have different 
word lengths. The multiplier uses the quaternary algorithm 
and performs the function S = XY + K where K is the input 
field used to add partial products generated in the array. At 
the beginning of the array the K inputs are available to add 
a signed constant to the least significant part of the 
product. Multiplication of an m bit number by an n bit 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


@ Multiplies two 12-bit signed numbers in typically 115ns. 

@ Multiplies in active HIGH (positive logic) or active LOW 
(negative logic) representations. 

@ Reduced input loading as compared to Am2505. 


number in an array results in a product having m + n bits so 
that all possible combinations of product are accounted for. 
If a conventional 2's complement product is required the 
tnost significant bit can be ignored, and overflow conditions 
can be detected by comparing the last two product digits. 


A number of connection schemes are possible. Figure 1 
shows the connection scheme that results in the fastest 
multiply. If higher speed is required an array can be split 
into several parts, and the parts added with high-speed 
look-ahead carry adders. 


Provision is made in the design for multiplication in the 
active high (positive logic) or active low (negative logic) 
representations simply by reinterpreting the active level of 
the input operands, the product, and a polarity control P. 
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Am25S05 


LOGIC SYMBOL 


ACTIVE LOW 
25 626 45 Birctes 19028 176 


ome ie > Bee Bt a 


X71 %Q 95D X34 KO *1%2 43 


2's COMPLEMENT 
MULTIPLIER Cn+4 


‘ Sp Sy Sp Sg Sq Ss 


CONNECTION DIAGRAM 
Top View 


Vecv 1% ¥y PF kg xy kz *3 Sp Sg Cag 


$; Sz $3 GNO 
CD002010 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


ACTIVE HIGH 
Bt 659i 45 Boe VSG 418-17: 16 


* P*O *1*2 %3 x4 kQ K1 42 kg 


2's COMPLEMENT 
MULTIPLIER Cne4 


So Sy) Sz $3 % % 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S05 Cc 


Temperature (See Operating Range) 


B 
ae Screening Option 


Valid Combinations 


Blank — Standard processing 
B - Burn-in 


Am25S05 


C -Commercial (0°C to +70°C) 
M - Military (-55°C to + 125°C) 


Package 


D- 24-pin CERDIP 
F-24-pin flatpak 
P—24-pin plastic DIP 


X— Dice 


Device type 
4-Bit by 2-Bit Multiplier _ 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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SWITCHING TIME TEST TABLE 


|_input | —_—Outputs inputs at OV (remaining inputs at 4.5V) 


Cn+4, Soi23, S45 


Cn+4, So123, S45 
Cn +4, S123, S45 
Cn +4, S23, S45 

S3 
S45 


Cn +4, So123, S45 
Cn +4, So123, S45 
Ch +4, S123, S45 
Cn+4, S123, S45 

S3 

S45 

S45 


Ch+4, So123, S45 
Ch +4; So123; S45 
Cnh+4, So123, S45 


ko 


DEFINITION OF TERMS 
SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used 
with Voc to indicate high Vcc value. 

1 Input. 

L LOW, applying to LOW logic level or when used with 
Voc to indicate low Vcc value. 

O Output. 


FUNCTIONAL TERMS: 


Cn The carry input to the high-speed adder. 

Cn +4 The carry output from the high-speed adder. 

K; The constant field used for accumulating partial prod- 
ucts. i=0, 1, 2, 3. At the beginning of the array the K 
field can be used to add a 2's complement number to 
the least significant half of the double length product. 

P The polarity control input. This input must be at a low- 
logic level for numbers in the active high logic represen- 
tation, and held high for numbers in the active low logic 
representation. 

S$; The product outputs. i= 0, 1, 2, 3, 4, 5. 

xj The multiplicand inputs. i=-1, 0, 1, 2, 3, 4. At the 
first column of the array x_4 must be held at logic ‘0’, 


MSI INTERFACING RULES 


Interfacing 
Digital Family 


Advanced Micro Devices 54/7400 
Series 


DTL Series 930 


P, Y.4, Y4, All X 


P, Y.4, Y4, All X 

P, Y.4, Y4, All X 

P, Y.4,. Y¥4, All X 

P, Y.4, Y4, All X 

P, Y.1, Y1, All X, Cp 
P, 


Y;, All k 
P, Y.1, Y4, All k 
P, Y.4, Yi, All k 
P, Y.4, Y4, All k 
P, Y.4, Y4, All k 
P, Y.4, Y4, All k, Cp 
P, Y1, All k, Ch 


P, X41, Xa, X3, X4, All k 
P, X4, Xo, Xg, Xq, All k 
Xo, X14, X2, X3, X4, All k 


and at the last column of the array x4 is connected to 
x3. 

Y; The multiplier inputs. i=-1, 0, 1. 

At the first row of the array Y_; must be held at logic 
0". 


OPERATIONAL TERMS: 


ly. Forward input load current. 

lox Output HIGH current, forced out of output in Voy 
test. 

lo. Output LOW current, forced into the output in Vo. 
test. 

loc The current drawn by the device from Vcc power 
supply with input and output terminals open. 

lin, Reverse input load current. 

Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. 

Vit. Maximum logic LOW input voltage. 

Vin Input voltage applied in li, lH tests. 

Vou Minimum logic HIGH output voltage with output 
HIGH current loH flowing out of output. 

Vo_ Maximum logic LOW output voltage with output LOW 
current lo. flowing into output. 


OPERATION TABLE 


Y Multiplier 
Operation 


X Multiplicand 


-OoO-'0+0+-0 
—- =—-§ OO -—- =| OO 
a st oe + COO OC OO 


Active Low Inputs and Outputs 
'1' = Low, '0' = High, P = High 
Active High Inputs and Outputs 
'1' = High, '0' = Low, P = Low 
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Am25S05 


Am25S05 LOADING RULES IN UNIT LOADS 


Pin input Output 
Input/Output | Nos. LOW LOW 


A Schottky TTL Unit Load is defined as 50yA at 2.7V at the 
HIGH Logic Level and -2.0mA at 0.5V at the LOW Logic 
Level. 


USER NOTES 


1. Arithmetic in the multiplier is performed in the 2's comple- 
ment notation, which requires a carry in at the first stage. 
This is accomplished by connecting the Y; multiplier bit to 
the appropriate carry input terminal i= 1, 3, 5... 


2. The multiplier can perform multiplication in either the active 
high (positive logic) or active low (negative logic) represen- 
tations by reinterpreting the active logic level and by 
grounding or leaving the polarity control pin P open circuit 
respectively. 


3. Multiplication can be performed in number representations 
other than 2's complement by either correcting the 2's 
complement product or adding in a correction at the 
beginning of the multiplication at the K inputs. 2's comple- 
ment numbers are represented as: Xo = %— xg29- 1, 


Input 
Unit Load 


| Number | 
Representation Correction : 


None 
Add xsYo2 + ysX2 +XsYg at K inputs 
Extended multiplier and multiplicand one bit 
at the least significant end. Form 

xoyo + Yox + xoy with conditional adder and 
add to array shifted two places up at k in- 
puts. Force kg, Ys, Xs = 0. 

Xs=0, ys=O None 

Xs=1, Yg=O Form[(XY)2 + 2°" 'y] 
Xs=0, Ye=1 Form{(XY)2 + of: x] 

Xs=1, ys=1 Add2™-'(x+y)- 22-2 


2's complement 
1's complement 
Unsigned 

(Magnitude) 


Sign magnitude 


4. For the highest speed array with the multipliers arranged in 
a parallelogram structure carries between certain multipliers 
are exchanged with the y carry-ins needed for 2's comple- 
ment subtract. The delays in the array are then equalized as 
best possible as shown in Figure 1. 


5. For higher speed multiplication the array can be split into several 
parts that can be added together with high-speed adders. 


6. Rounding off to a single length product can be achieved by 
adding a ''1' to the array at the most significant positive k 
input of the array, ignoring the most significant product digit, 
and using the remainder of the most significant part of the 
product. 


7. Truncation of a product without round off enables some of 
the multipliers in the array to be removed. 


CONNECTION SCHEMES 


1 


PARALLELOGRAM 
CARRIES STAY 
IN SAME ROW 


2 


PARALLELOGRAM 


MULTIPLIERS SKIP 
TO ALTERNATE ROWS 
WHERE POSSIBLE 


3 


SPLIT INTO 

TWO PARTS WHICH 

ARE ADDEO WITH 
HIGH-SPEED 

CARRY LOOKAHEAD ADDF? 


HIGH-SPEED SCHOTTKY 
CARRY LOOKAHEAD ADDER 


AF000820 


Figure 1 
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TYPICAL MULTIPLICATION TIMES 


Package Count 
[Am25605| ms48/745181 


2 


Total 
Multiplication 
Time (ns) 


K 
so5 Y= ‘v-1 vo v1) 2 
Am25 X= (x_4xQ%4 x2 xq) 28 


AF001170 


Figure 2 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ...............:2eeeeeees -65°C to + 150°C 
Temperature(Ambient) Under Bias ........ -55°C to +125°C 
Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) Continuous ............. -0.5V to +7.0V 
DC Voltage Applied to Outputs For : 

High Output State ...................60e -0.5V to +Vcoc max 
Ds APE ORO os 5s Fo vgs cauceencmatciee ssa -0.5V to +5.5V 
DC Output Current, Into Outputs ................ceeeeeeee 30mA 
oe AOE ANTON 3 0 5505, 35 cco es eed ee « -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Voc = MIN., lon =-1.0mA 
Vin = Vin OF Vit 


Voc = MIN., lo, = 20mA 
Vin = Vin oF Vit 


OPERATING RANGES 


Commercial (C) Devices 


Vera tene seen ioe esc entiaa renters 0°C to +70°C 

Supply Voltage .oF20........ccceseueceress +4.75V to +5.25V 
Military (M) Devices 

TORWDOTAUNO! fo 5 5 5.5522. ode sve nnnascnnnenes -55°C to +125°C 

Supply VoOlAGe 56s. je. sc. cssscensactens +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


Note 1. Typical Limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
Note 2. Actual input currents are obtained by multiplying unit load current by the input load factor (See loading rules). 
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SWITCHING CHARACTERISTICS (Voc = 5V, Ta = 25°C, C_ = 15pF, Ry = 28022) 


[Parameters [From Gnput) 


To (Output) 


Cnh+4 


See Test Table 
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Am25LS07/Am25LS08 


Am25LS07/Am25LS08 


Hex/Quad Parallel D Registers with Register Enable 


DISTINCTIVE CHARACTERISTICS 


@ 4-bit and 6-bit parallel registers 

@ Common Clock and Common Enable 

®@ Positive edge triggered D flip flops 

@ Second sourced by TI as 54LS/74LS378 and 379 


@ Am25LS D.C. parameters including: 
VoL = 0.45V at lo. = 8MA 
Fan-out over military range = 22 
440uA source current 


GENERAL DESCRIPTION 


The Am25LS07 is a 6-bit Low Power Schottky register with 
a buffered common register enable. The Am25LS08 is a 4- 
bit register with a buffered common register enable. The 
devices are similar to the Am54LS/74LS174 and Am54LS/ 
74LS175 but feature the common register enable rather 
than common clear. 


Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. 
When the enable is HIGH, the register will not change state 
regardiess of the clock or data input transitions. 


BLOCK DIAGRAM 
Am25LS07 


foes 


BD001450 


BD001520 


RELATED PRODUCTS 


Description 


Am2918 Quad D Register 
Am2919 Quad D Register 
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CONNECTION DIAGRAM 
Top View 


Am25LS07 Am25LS08 


Ds Dg Q, Dz Qs CP 


Do D, Q, Do Qs GND Q, GNO 
CD001730 CD001720 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 
Am25LS07 Am25LS08 


Oo 0; D2 D3 04 


= Am25LS08 
4-BIT REGISTER 


ce Am25LS07 
6-BIT REGISTER 


Qo Q;: Q2 Q3 4 As 


y et Yer carousing | 5 


LS000640 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am25LS07/08 


Am25LS07/08 D Cc B 
L— Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M — Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 

F-16-pin flatpak 

P-—16-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Hex/Quad Parallel D Registers combination you wish. 
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Am25LS07/Am25LS08 — 


PIN DESCRIPTION 


| Pin No. |Name | 1/0 Description 
| Ip, st | The D flip-flop data inputs. 


Enable. When the enable is LOW, data on the Dj inputs is transferred to the Qj outputs on the LOW- 
to-HIGH clock transition. When the enable is HIGH, the Qj outputs do not change regardless of the 
data or clock input transitions. — 

Pe CR A Clock. Pulse for the register. Enters data on the LOW-to-HIGH transition. 


ES eee Es The TRUE register outputs. 
ae | ee The complement register outputs. 


FUNCTION TABLE 


H = HIGH NC =No Change t = LOW-to-HIGH Transition 
L=LOW X=Don't Care Q 4 on Am25LS08 Only 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ................:.000000. -65°C to + 150°C Commercial (C) Devices — 
Temperature (Ambient) Under Bias....... -55°C to + 125°C RIO co oe ata tan enccas cakene 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage ...............ccceceeeeees +4.75V to +5.25V 
(Pin 16 to Pin 8) Continuous............... -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
HIGH Output State........0...... -0.5V to +Voc max 
ME VIG. < «cs 2cecchoiccoetncesees esas -0.5V to +7.0V 


Military (M) Devices 
FOINOOPMUN os cn can acccineceokakss cen -55°C to + 125°C 
SUDO MONG i oie civciecsindetiies ot +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


DC Output Current, Into Outputs ...........5...ccc..c eee ee ality of the device is guaranteed. 


DO TA GUNG ess cca cocdenersevcorexcerews 


Stresses above those listed under ABSOLUTE MAXIMUM | 
RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


g0S1szwy/Z0S1szwy 


DC CHARACTERISTICS over operating range unless otherwise specified 


CT 

Voc = MIN., lOH = -440yA ICOM'L | 

em ee EE 
VoL 


Voc = MIN. Hou ania 8d on | 
fia fomionvnm ‘A ret ta 
: aa Se a a 
: COM'L 
er ee 
Voo = MIN, lin ==16mA Boe ee ee 
Clock, E 
ee es ee eee 
Clock, E 
fu smovenen ecru mea feet te 
fh GN Gare ON | ee 
Output Short Circuit Current — 
Se ee 
vere non fae tt Pe 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 
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Am25LS07/Am25LS08 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) | 


[Parameters [Description __—_—_—i| Test Conditions | Min__| Typ | Max | Units 
aa SE SE 


Par Veda |. 18 aucune ao fot ow | 
‘tow | Olock Pulse Wish i [ 2 shui of belegh pasa OC 
Lt "ae OMG AGEN: RMSISCEND ca Ska 
fig Aaiarnh ft Pemmbleso stemi Seomt snc coer a GE oD Dian: Mos, Bl 
i fom CeIn ws SND ee 
[ty Enabie ee 
SGaSU ODL EC UR Ga RA 


‘Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, tf, pulse width 
or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Description 


Test Conditions 


cet eT 
A ACS aa 
ie | om Pune Wd cal 2 is as WC 
Ree ee a ee 
(5; aE 2 ee, ee OS ea 
a SSE OS 16 ae a ee 
Tes i A a 
eRe A oo 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVEN INPUT 


1C000180 


Note: Actual current flow direction shown. 
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Am25S07/Am25S08 


Hex/Quad Parallel D Registers with Register Enable 


DISTINCTIVE CHARACTERISTICS 


® 4-bit and 6-bit high-speed parallel registers @ Positive edge triggered D flip-flops 
@ Common clock and common enable 


GENERAL DESCRIPTION 


The Am25S07 is a 6-bit, high-speed Schottky register with a Both registers will find application in digital systems where 
buffered common register enable. The Am25S08 is a 4-bit information is associated with a logic gating signal. When 
register with a buffered common register enable. The the enable is LOW, data on the D inputs is stored in the 
devices are similar to the Am54S/74S174 and Am54S/ register on the positive going edge of the clock pulse. 
74S175 but feature the common register enable rather than When the enable is HIGH, the register will not change state 
common clear. regardiess of the clock or data input transitions. 


BLOCK DIAGRAM 
Am25S07 


BD001450 


BD001520 


RELATED PRODUCTS 


[Part No. ___| Description 
8, 9, 10-Bit Register 
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sosscwy/Zosscwy 


Am25S07/Am25S08 


“CONNECTION DIAGRAM 
- Top View 


Am25S07 


D3 


D> Qy GND 
CD001680 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am25S07 Am25S07 


E O09 ODO; D2 03 04 


Am25S07 
6-BIT REGISTER 


Qo Q; Q2 Q3 & 


10 «(12 


LS000590 


DIE SIZE: 0.070” x 0.083” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired), 


Valid Combinations 


Am25S07/08 


Am25S07/08 D CB 
L_— Screening Option 
Blank -— Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M — Military (-55°C to +125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P-—16-pin plastic DIP 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Hex/Quad D Registers combination. you wish. 
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CONNECTION DIAGRAM 
Top View 


Am25S08 


Q3 


s0sscwy/ZOsscwy 


CD001690 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am25S08 — Am25S08 


la 


B: 8 


£60 


aa 


10" TAs 15 


LSO00600 


DIE SIZE: 0.067” x 0.073” 
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Am25S07/Am25S08 


Pin No. [Name [VO 


ee ae 
ee ae 
eee Cee 


PIN DESCRIPTION 


Description 


The D flip-flop data inputs. 
Enable. When the enable is LOW, data on the Dj inputs is transferred to the Q; outputs on the LOW- 


to-HIGH clock transition. When the enable is HIGH, the Q; outputs do not change regardless of the 
data or clock input transitions. 


Clock Pulse for the register. Enters data on the LOW-to-HIGH transition. 


The TRUE register outputs. 


The complement register outputs. 


FUNCTION TABLE 


t = LOW-to-HIGH Transition 
NC = No Change 
X = Don't Care Qj on Am25S08 Only 
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SELECT 


ENABLE 


CLOCK 


APPLICATIONS 


s0ssewy/Z0sscwy 


INPUT 
DATA BUS Bee OR WORD 1 
' 
WORD 2 
Am54S/74S 139 
Y2 
WORD 3 
WORD 4 


AF001180 


Selective Register Loading of Data on Synchronous Clock. = 
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Am25S07/Am25S08 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature .-65°C to +150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias -55°C to +125°C Temperature 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage +4.75V to +5.25V 
(Pin 16 to Pin 8) Continuous -0.5V to +7.0V Mili : 
é ilitary (M) Devices 
DC Voltage Applied to Outputs For foresiae -55°C to +125°C 
High Output State -0.5V to +Vcoo max Supply Voltage +45V to +5.5V 


ze pein Mpa t inin Dotout : {0.8V 10 75 Operating ranges define those limits over which the function- 
ee ee ality of the device is guaranteed. 

DC Input Current 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


ene Eee 
a omni NS ee a 
cn a Pl 
a a 


unl Ge Ber Gee ey 


Unit Load j 2 
Unit Load & z 
Input HIGH Current Voc = MAX., Vin = 2.7V 


Nie 
ci _____| Input HIGH Gurrent Voo = MAX. Vin= 5.5V beac 

Output Short Circuit Current 
fe vom Pe [feo 
Power Supply Current Vac = MAX gaa EBS oe eee ee oe 
cc (Note 5) Saute (eee ES SE 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 
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SWITCHING CHARACTERISTICS (Tg = + 25°C) 


‘on ee ee Te eT ae Te 
[on te Pte wath) 
eo 


s0sscwy/Z0sscwy 


Am25S07 LOADING RULES Am25S08 LOADING RULES 
(In STTL Unit a (In STTL Unit ee 


QO}; @ 
Viz 
: 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT | 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVEN INPUT 


UNIT LOAD 
> 2.8k2 NOM 


1C000150 


Note: Actual current flow direction shown. 
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Am25LS09 


Am25LSO9 


Quad Two-Input, High-Speed Register 


DISTINCTIVE CHARACTERISTICS 


@ 4-bit register accepts data from one-of-two 4-bit input 
fields 

@ Edge triggered clock action 

@ Second sourced by T.I. as 54LS/74LS399 


@ Am25LS D.C. parameters including: 
- Vot = 0.45V at lo, = 8MA 
- Fan-out over military range = 22 
- 440uA source current 


GENERAL DESCRIPTION 


The Am25LS09 is a dual port four-bit register using 
advanced Low Power Schottky technology to reduce the 
effect of transistor storage time. The register consists of 
four D flip-flops with a buffered common clock, and a two- 
input multiplexer at the input of each flip-flop. A common 
select line, S, controls the four multiplexers. Data on the 


BLOCK 


four inputs selected by the S line is stored in the four flip- 
flops at the clock LOW-to-HIGH transition. When the S 
input is LOW, the Dja input data will be stored in the 
register. When the S input is HIGH, the Djp input data will 
be stored in the register. 


DIAGRAM 


RELATED PRODUCTS 


03701B 
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_ CONNECTION DIAGRAM 
7 Top View 


Vcc 93 03a 038 02g D2a 


Q, GND 


CD001740 


‘Note: Pin 1 is marked for orientation 


Doa Opp O14 018 D24q 02g O3q 03g 


Am25LS09 


LS000650 


-ORDERING INFORMATION 


DIE SIZE 0.075” x 0.061” 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 


Device number, speed option (if applicable), package type, operating range and 


Am25LS09 Cc 


B 

l— Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M —-Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


screening option (if desired). 


Valid Combinations 


Am25LS09 


Valid Combinations 


Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad Two-Input, High-Speed Register combination you wish. 


9-21 
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60s 1szwy 


PIN DESCRIPTION 


Am25LS09 


me oben 


Select. When the select is LOW, the A word is applied to the D inputs of the flip-flops. When the 
select is HIGH the B word is applied to the D inputs of the flip-flops. 


H = HIGH Voltage Level L = LOW Voltage Level 
X = Don't Care i =0, 1, 2, or 3 
t = LOW-to-HIGH Transition 
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APPLICATIONS. 


Ns 
60s 1scwy 


256 x 4 OVNAMIC 
SHIFT REGISTER 


CLOCK 
LOAD/RECIRCULATE 
STATIC TEST/OPERATE 


AF001210 


Am25LS09 used in 258 x 4 memory system with load/recirculate control, and 1x4 static test capability for the system. MOS 
interface is one load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single 
step operation for testing purposes. 


lines 


Am25LS09 


as ae 
epee ee og 
Dia O2a O3a Oog Org O28 03g 
s 
cP 


Qo Q2 Q3 


AF001220 


Am25LS09 used to store a word from either data bus A or data bus B. 
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Am25LS09 


ABSOLUTE MAXIMUM RATINGS ae OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential : Supply Voltage 

(Pin 6 to Pin 8) Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 

High Output State -0.5V to Vcc max 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Output HIGH Volta Yoo MIN lon ==440nA — Volt 
oe ViN= Vin oF Vi it 
Output LOW Volta Yoc.= MIN, ates eh ee wk 2 Volts 
— eee: Vin = ViH_oF Vit Nh A ee 
Guaranteed input logical HIGH 
vin | input HIGH Level voltage for all inputs 2 Sa 
0.7 
Guaranteed input logical LOW MR? oF a 
Sei ep ee Les voltage for all inputs ~ 


Input Clamp Voltage Voc = MIN., lin =-18MA 


Input LOW Current Voc = MAX., Vin = 0.4V " 9 


Rene es 
ames NE ae 
ee ae a 

Cs ae ea 

Clock, S 
Se Input HIGH Current Voc = MAX., Vin = 2.7V ee St 
a ae 
a ets AT 


Input HIGH Current Voc = MAX., Vin = 7.0V 


Output Short Circuit Current “ 
(Note 3) You. = MAX. 


Power Supply Current Voc = MAX. (Note 4) 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 


a 
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SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


Description _ Test Conditions | _ Min | Typ | Max__| Units 


pe | eee ee 
meinen Be 
‘ipw [Clock Pulse Wieth id fc 
ee ee ee 
feet nnak Sorin Tere STI? Aleka AVS MeN] 
Pee os eee ee eee eo 


rth [Select Input Hold Time 
fmax (Note 1) Maximum Clock Frequency 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ts, pulse width 
or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Description Test Conditions 


Crock to @ HIGH 
Clock to @ LOW 


Clock Pulse Width bs tee 
Data Set-up Time Ci = 50pF ee ee 
Ry = 2.0k22 


Data Hold Time 
Select Input Hold Time 
fmax (Note 1) Maximum Clock Frequency 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


rts Select input Setup Time 


Am25LS ° Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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60S 1Sscwy 


Am25S09 


Am25S09 


Quad Two-Input, High-Speed Register 


DISTINCTIVE CHARACTERISTICS 


® Four-bit register accepts data from one of two 4-bit input 
fields. 
® Edge-triggered clock action 


@ High-speed Schottky technology. 
@ Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


GENERAL DESCRIPTION 


The Am25S09 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect of 
transistor storage time. The register consists of four D flip- 
flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 


line, S, controls the four multiplexers. Data on the four 


BLOCK 


inputs selected by the S line is stored in the four flip-flops at 
the clock LOW-to-HIGH transition. When the S input is 
LOW, the Dja input data will be stored in the register. When 
the S input is HIGH, the Djg input data will be stored in the 
register. 


DIAGRAM 


Q3 
BD001500 


RELATED PRODUCTS 
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CONNECTION DIAGRAM 
Top View 


Vec 93 O30 03g O28 P2q 


Don Oop 1a 01g O24 Dag 03a 03g 


Am25S09 


LS000610 


DIE SIZE: 0.067” x 0.073” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am25S09 Cc 


B 

L_ Screening Option 
Blank -— Standard processing 
B — Burn-in Am25S09 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 

F-16-pin flatpak 

P-16-pin plastic DIP 

X- Dice Valid Combinations 


Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad Two-Input, High-Speed Register combination you wish. 
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60sscwy 


PIN DESCRIPTION 


Se ee 


The "'A'' word into the two-input multiplexer of the D flip-flops. 


Am25S09 


The ''B"' word into the two-input multiplexer of the D flip-flops. 


ae § Qo, Q4, The outputs of the four D-type flip-flops of the register. 
10,15 Qe, Q3 
Select. When the select is LOW, the A word is applied to the D inputs of the flip-flops. When the 
select is HIGH, the B word is applied to the D inputs of the flip-flops. 
CP : : ne : 


H = HIGH Voltage Level L = LOW Voltage Level 
X = Don't Care i=0, 1, 2, or 3 
t = LOW-to-HIGH Transition 
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APPLICATIONS 


$2 


> 
3 
a) 
on 
a) i?) 
(<= ] 
© 


256 x 4 DYNAMIC 
SHIFT REGISTER 


CLOCK 
LOAD/RECIRCULATE 
STATIC TEST/OPERATE 


AF000760 


Am25S09 used in 258 x 4 memory system with load/recirculate control, and 1x4 static test capability for the system. MOS 
interface is one load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single 
step operation for testing purposes. 


$2 


CP3 


AF000770 


Am25S09 used to store a word from either data bus A or data bus B. 


. 03700B 
9-29 Refer to Page 13-1 for Essential information on Military Devices 


Am25S09 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..................:cc00es -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias....... -55°C to + 125°C ; TOTDOEAUNG 555 acs ova sc caccseiiecagenssnees nays 
Supply Voltage to Ground Potential . Supply VONEGE =. i. onesie. ce cvennes 

(Pin 16 to Pin 8) Continuous............... -0.5V to +7.0V Military (M) Devices 


DC Voltage Applied to Outputs For T 6 ° 
OMPOFAUNO-csaxseiriscieeeis scope eceeecees -55°C to + 125°C 
is AU oo ac en ae SE ee tae Supply Pie LT ei: Daceai Walaa Bere eee +4.5V to +5.5V 


DG IE MORGOO fy sso cocees ctecscess-rtesiuet -0.5V to +5.5V Operating ranges define those limits over which the function- 


DC Output Current, Into Outputs ............c0eeeeeeeeeees Sas 
DG input Gurreat.. <i .....c.8etets ss. ality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


a feertonn ‘i 
a 


isi 
mi eee me ae SS 
ae 


ie Input Load = f 
(Note 3) Input LOW Current Voc = MAX, Vin = 0.5V 
Output Short Circuit Current = 
(Note 4) Voc = MAX 


1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
_ For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
_ Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 


_ SWITCHING CHARACTERISTICS (Ta, = + 25°C) 


Clock to @ HIGH ics > el (a 
Clock to @ LOW Peer ik oe ed 
Ctpw | Clock Pulse wat Ben pee eee ae ae 
eee eee ae 
Data Hold Time ee ee ee 
eee ee ee ae 
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LOADING RULES gf Unit —— 


input tert 
- | Input/Output Unit Load anaes 


Dia 


oO 


—s 
> 


< F 9 
> 


CC 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
> 2.8k2 NOM 


Note: Actual current flow direction shown 
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Am25S10 


Am25S10 


Four-Bit Shifter with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Shifts 4-bits of data to 0, 1, 2 or 3 places under control 
of two select lines. 
®@ Three-state outputs for bus organized systems. 


®@ 6.5ns typical data propagation delay 
@ Alternate source is 54S/74S350 


GENERAL DESCRIPTION 


The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two- 
bit select field So and S1. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger number of places with one delay. 


By suitable interconnection, the Am25S10 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the sign 
bit is repeated during a shift down; or end around, where 
the data word forms a continuous loop. 


BLOCK DIAGRAM 


Cate | 


PGcaans crea 
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CONNECTION DIAGRAM 
Top View 


D-16, P-16 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 


VF25 SP BY: Cte 


1g ligthqcigely tottg 
$1 


Am25S10 


DIE SIZE 0.067” x 0.056” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am25S10 Cc 


B 
L_ Screening Option 
Blank — Standard processing 
B — Burn-in Am25S10 
Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M —- Military (-55°C to + 125°C) 


Package 
D- 16-pin CERDIP 
F-16-pin flatpak 
L-20-pin leadless chip carrier 
P-16-pin plastic DIP 
X- Dice Valid Combinations 

Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 


4-Bit Shifter with Three-State Outputs combination you wish. 
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olsszwy 


Am25S10 


PIN DESCRIPTION 


| Pin No. [Name | 1/0 | Description 
ee ei The seven data inputs of the shifter. 


OE Enable. When the enable is HIGH, the four outputs are in the high impedance state. When the enable 
is LOW, the selected |j inputs are present at the outputs. 
pe lees fe Select inputs. Controls the number ‘of places the inputs are shifted. 


rt. 12, The four outputs of the shifter. 
14, 15 


LOADING RULES (in Unit Loads) LOGIC EQUATIONS 


Yo = SoStlo + SoSql_1 + SoS 2+ SoSil-3 
input 
Unit Load Y¥4 = So54l1 + SoSzlo + SoSy 1+ SoSil_2 


Note 1 
( ) [XM | XC | Yo =SoSylo+ SoS4lq +SoS1 lo + SoSil-4 


Y3 = SoSilg + SoSzlo + SoS; 14 + SoSilo 


TRUTH TABLE 
[OE | Si So] ts _t2 tI b1 be bg | ¥3 Yo ¥1 Yo. 


H = HIGH X = Don't Care- 
L=LOW Z = High Impedance State 


Dp at input I, may be either HIGH or LOW and output Ym 
will follow the selected Dp, input level. 


A Schottky TTL Unit Load is defined as 50A at 2.7V at the 
HIGH and -2.0mA at 0.5V at the LOW. 


Note 1. The fan-in on I-92, |.4, Io, 14 and lo will not exceed 
1.5 Unit Loads when measured at Vi, = 0.5V. As Vit is 
decreased to a OV, the input current |, MAX. increases to 
-4, -6, -8, -6 and —4mA respectively due to the decrease 
in current sharing with the internal select buffer outputs. 
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$2 Sy 
ess 8 
“et 
LH 
LH 
HL 
HL 
HH 
HH 


So 
t 
H 
t 
H 
Lt 
H 
L 
H 


1g tgty Io 4 Ig 


L NOSHIFT 

H SHIFT 1 PLACE 
L SHIFT 2 PLACES 
H SHIFT 3 PLACES 


NO SHIFT 

SHIFT END AROUND 1 
SHIFT END AROUND 2 
SHIFT END AROUND 3 
SHIFT END AROUND 4 
SHIFT END AROUND § 
SHIFT END AROUND 6 
SHIFT END AROUND 7 


APPLICATIONS 


SS: 6-9 


— 


1g 12 b1 lo ty t2 3 12 ha Io 
So So 
S$} 
Oj OF 


Am25S10 


3 
3 
EEREES = 
Se Seis Bes: 


a 


12,11 10 9 


16-Bit Shift-Up 0, 1, 2, or 3 Places. 


1g lg ty ig ty I 


13-Bit 2's Complement Scaler 


9-35 


12 13 14 15 


'y !2 


AF001240 


AF001230 


1g hgh, Io ty Ig Ig 
Am25S10 


yy 


AF001250 
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Am25S10 


OPERATING RANGES 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ..................ceeeee -65°C to + 150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias....... -55°C to +125°C POCHIGIAUUED sects recs Arderdesi cs binge 0°C to +70°C 

Supply Voltage to Ground Potential Supply Voltage:c20.:<. 5058... tat +4.75V to +5.25V 
Conttueme ec ios. cs deen -0.5V to +7.0V 


Military (M) Devices 


-DC Voltage Applied to Outputs For ° ° 
FORMICA Siro. dab ces cass cceenepes seed -55°C to +125°C 
Pligh OBIDUE SURES. sey etoneatet op OB Comex oo, ylelit se CeRale eee eee ree +4.5V to +5.5V 
DG ANDUPIVONRGO sa. 555-08 5069-} 4p egenons -0.5V to +5.5V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ..........00... ee 30mA ality of the device is guaranteed 
DG AI CABIOUN oasis Ls vbsdesenvoues -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Voc = MIN. XM lon=-2mA | 24 | 34 | | 

vow [ove ma vag ViN= Vin oF ViL xClon=-65mA | 24 | 92 | | Vovs 
Pocono vn ‘ia = pe 
rs SE ea EL ee ae 
SS (Ta -P soh 
ie 


input Clamp Votage_————*«dVog= MIN. w=-18mA———SSC~SC*dCSSCSC*d;C Vo | 


Unit Load : ss 

es ae ove Yoo MAX, Vin = 08V ee fee] oe | 
Off State (High Impedance) i ay Vo = 2.4V BBe ee SEs ae a 
Output Current cere Vo = 0.5V Bee as cae ee 


Input HIGH Current Voc = MAX., Vin = 5.5V 


Output Short Circuit Current az a 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


PERFORMANCE CURVES 
SWITCHING CHARACTERISTICS 


Data to Output Select to Output 
(Typical) (Typical) 


e 2 
1 
\ 

> 

< = 
os a 
w 

= ray 
z 

5 é 
= o 
< q 
o oO 
< < 
& a 
o ro) 
x a 
a. a 
| i 
i = 


4 1.0 
—75 -50 -25 O 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 


OP001390 OP001400 
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SWITCHING CHARACTERISTICS (Ta = + 25°C) 


Parameters |Description Test Conditions Min | typ | Max | 
; 
Data. Input to Output 
t 
Select to Output 
Output Control OE to Output 
a: Sees 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


1C000370 


Note: Actual current flow direction shown. 
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Am25LS14A 


Am25LS14A 


8-Bit Serial/Parallel Two's Complement Multiplier 


DISTINCTIVE CHARACTERISTICS 


Two's complement multiplication without correction 
Magnitude only multiplication 

Cascadable for any number of bits 

8-bit parallel multiplicand data input 


@ 50MHz minimum clock frequency 
@ Second sourced by T.I. as the SN54LS/74LS384 
@ IMOXx™ process with ECL internal 


GENERAL DESCRIPTION 


The Am25LS14A is an 8-bit by 1-bit sequential logic 
element that performs digital multiplication of two numbers 
represented in two's complement form to produce a two's 
complement product without correction. The device ac- 
cepts an 8-bit multiplicand (X input) and stores this data in 
eight internal latches. The X latches are controlled via the 
clear input. When the clear input is LOW, all internal flip- 
flops are cleared and the X latches are opened to accept 
new multiplicand data. When the clear input is HIGH, the 
latches are closed and are insensitive to X input changes. 


The multiplier word data is passed by the Y input in a serial 
bit stream — least significant bit first. The product is clocked 
out the S output least significant bit first. 


The multiplication of an m-bit multiplicand by an n-bit 
multiplier results in an m + n bit product. The Am25LS14A 
must be clocked for m+n clock cycles to produce this 
two's complement product. Likewise, the n-bit multiplier (Y- 
input) sign bit data must be extended for the remaining m- 
bits to complete the multiplication cycle. 


The device also contains a K input so that devices can be 
cascaded for longer length X words. The sum (S) output of 
one device is connected to the K input of the succeeding 
device when cascading. Likewise, a mode input (M) is used 
to indicate which device contains the most significant bit. 
The mode input is wired HIGH or LOW depending on the 
position of the 8-bit slice in the total X word length. 


BLOCK DIAGRAM 


IMOX is a trademark of Advanced Micro Devices. 


7()* *()% 
v, \/ 


-BD001650 


01767C 
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CONNECTION DIAGRAM 


> 
5 
Top View 2 | 
do 
anh, 
xy 
> 


METALLIZATION AND PAD LAYOUT 


CLR 


LOGIC SYMBOL 


19°12. 13.142 3 4&2 8 Vec 
Xq Y 
x Xq°Xq Xo X 
i CLR 7 eer als aii ME Mp nerd 
15 oh thee 
«Ey gga n +t ay Ma se : 14 x 
10 Am25LS14A bea ora ba, eg 4 
Se) tis) [eke s oe ei 
9 a 5 Ke 
~ Bee lh servers [a f (pet | 
' make ER lie Ca ae 13 Xs 
X2 3 Bio iy Peas oe 
6 X, 4 pa) ky PRS as 
= Beer Yee) (ee. CEN ’ 
LSOO0660 a a 4 Pact enn 11 Xy 
Xo 5 a de pre 1 ame 
ae ik at ar Tee 
tA- ii 
S 6 BS. — - 
te ~ ea Sige! al 
Cp i.Z 10 K 
GND 8 9 M 


DIE SIZE 0.084” x 0.095” 


ORDERING INFORMATION | 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am25LS14A 


Am25LS14A D Cc B 
L_ Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P—16-pin plastic DIP 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type ~ determine if a device is currently available in the 
8-Bit Multiplier combination you wish. 
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Am25LS14A 


PIN DESCRIPTION 


nia oman 


The eight data inputs for the multiplicand (X) data. 


See) | Bee Be The serial input for the multiplier (Y) data—least significant bit first. 
/6 |S | © _| The serial output for the product of X ¢ Y—least significant bit first. 


7 CP Clock. The buffered common clock input for the serial/parallel multiplier. All functions occur on the LOW-to-HIGH 
transition of the clock. 
CLR Clear. The buffered common clear for all flip-flops within the device. When the clear is LOW all flip-flops are cleared. 
Also the buffered X-input latch enable. When the clear input is LOW, the X latches will accept new X-input data. 
[40 ~~*‘[K __| 1 _| The sum expansion input to the serial/paralle! multiplier. Allows for cascading devices. : 


The mode control input for the most significant bit of the multiplier. It is used in conjunction with cascading to 
determine the most significant bit. 


FUNCTION TABLE 


gee 
oun | ce| x {wim |v] vt} 3 FUNCTION 


P= = eee - |__| Moat Signiicant Mutter Device” Tsk 
JS ae 


Load New Multiplicand and Clear Internal Sum and Carry 
Registers 


4 
eit 
fo mere 
Hse. 2) (eC 
oa | 
Pet | 
beer yan err ee 


Add Multiplicand to Sum Register and Shift 
Subtract Multiplicand from Sum Register and Shift 
Shift Sum Register 


= LOW-to-HIGH transition 
CS =Connected to S output of higher order device 
OP = X; latches open for new data (i =0, 7) 
AR = Output as required 


DEFINITION OF STANDARD TERMS 


H HIGH, applying to a HIGH voltage level. lox. LOW-level output current. 

L LOW, applying to a LOW voltage level. lon HIGH-level output current. 

1 Input. Isc Output short-circuit source current. 

O Output. lcc The supply current drawn by the device from the 
Negative Current Current flowing out of the device. Voc power supply. 

Positive Current Current flowing into the device. Vit, Logic LOW input voltage. 

1, LOW-level input current with a specified LOW-level Vin Logic HIGH input voltage. 

voltage applied. Vo. LOW-level output voitage with lo. applied. 


ly, HIGH-level input current with a specified HIGH-level Von HiGH-level output voltage with IoH applied. 
voltage applied. 
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APPLICATIONS 


See also Digital Signal Processing Applications Section for more information. 


VoLSTScwy 


24-BIT MULTIPLICAND 


A23 422 421 A20 Aig Aig Anz Arg Ais 14 A13 A12 411 A10 Ag Ag Az Ag Ag Ag Ag Az Ay Ag 


Am25LS14A Am25LS14A Am25LS14A 


PRODUCT 
SERIAL 
OUTPUT 


AF001120 


Basic 24-Bit Serial/Paraliel Connection 


SERIAL/PARALLEL 


CLOCK ENABLE 


SIGN EXTEND 8-BIT SHIFT REGISTER Qq 


CLOCK 
OUTPUT CONTROL 


MULTIPLIER INPUT 


Am25LS14A 
SERIAL/PARALLEL 
MULTIPLIER 


Ss 


AF001130 


8-Bit by 8-Bit Multiplier, Bus Organized, 
with 8-Bit Truncated Product 
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Am25LS14A 


ABSOLUTE MAXIMUM RATINGS 


-65°C to +150°C 
-55°C to + 125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 


-—0.5V to +7.0V 


-0.5V to +Vcc max 
-0.5V to +5.5V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) Min Te Sead ics 
ee aaa ame aca 


ar “aie 
Output LOW Volta =. NIN. foy= nA — adie Se a Volt 
i weeds Vin= Via oF Vi ee a | OM 
Guaranteed input logical HIGH 
Guaranteed input logical LOW 


i 


Pa as ri ne 
od ee eee 


Input LOW Current Voc = MAX., Vin = 0.4V 


Input HIGH Current 


Voc = MAX., Vin = 2.7V 


i Yinput HIGH Curent _——~SS—=«dVoo = MAX, Vin = 58V ee ae 
Output Short Circuit Current = 
Picc [Power Supply Curent Te a te 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum Can 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Duration of the short circuit test should not exceed one second. 
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VrLSisculy 


SWITCHING CHARACTERISTICS (Tq = +25°C, Voc = 5.0V) 
Description Test Conditions | __Min | Typ | Max | Units _ 
ae oo 6 
ee ee 
oases os | we md 
Spee see Saal a ee 
| Bia eo ee eee 
2 eee Se 23 eee 
C= 15pF eS a a ae es 
a ae [| eo 
eer A a 
So: 2: Lae eae 
_ ee 
Pie oe wan ea iar rel CS NS BST 
te | Glear Recovery Time (nactve State) ee 
a ee 


Note 1: Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ts, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


: Am25LS COMMERCIAL Am25LS MILITARY 
Parameters | __Description ___| Test Conditions | __Min__|__Max__| Min | Max __ 
para Gime earn |= | 
ee 


Clear to Output 
be ees Y to Clock 
a 


ee beeen: SOME Snares 
eee Gi SO ee 
= Saad pies as ee ae a 


Clear Pulse Width 
Clear Recovery Time 
(Inactive State) 


fmax (Note 1) | Maximum Clock Frequency 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


ees 
| ‘ow 
ee 
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Am25LS14A 


LOW CURRENT SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


ORIVING DEVICE ORIVEN DEVICE 


MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(HIGH LEVEL) VOLTAGE 


MAXIMUM LOGIC 
“LOW” OUTPUT Vi Lo 
VOLTAGE 


1oL = 8mA Ry hy = 
OL PRS MAXIMUM LOGIC 
“LOW” INPUT 
IMMUNITY VOLTAGE 


(LOW LEVEL) 


OUTPUT/JINPUT VOLTAGE LEVELS — VOLTS 


DRIVING DRIVEN 
SCHOTTKY SCHOTTKY 
DEVICE DEVICE 


1C000210 


Note: Refer to Electrical Characteristics for measure currents. 


INPUT/OUTPUT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


| 
gels 
| | 
| 

| 


Note: Actual current flow direction shown. 
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Am25LS15 


Quad Serial Adder/Subtractor 


@ Four independent adder/subtractors 
@ Use with two's complement arithmetic 


The Am25LS15 is a serial two's complement adder/ 
subtractor designed for use in association with the 
Am25LS14_ serial/parallel two's complement multiplier. 
This device can also be used for magnitude only or one's 
complement addition or subtraction. 


Four independent adder/subtractors are provided with 
common clock and clear inputs. The add function is A plus 
B and the subtract function is A minus B. The clear function 
sets the internal carry function to logic zero in the add 


Sy 


AOD/ 
SUBTRACT 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


(One of Four Similar Functions) 


9-45 


@ Magnitude only addition/subtraction 
@ Second sourced by T.I. as Am54LS/74LS385 


mode and to logic one in subtract mode. This least 
significant carry is self propagating in the subtract mode as 
long as zeroes are applied to the A and B inputs at the 
LSB's. All internal flip-flops change state on the LOW-to- 
HIGH clock transition. 


The Am25LS15 is particularly useful for recursive or non- 
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 


TO JOTHER 
ADDER/SUBTRACTORS 


F, SUM 


TO 3 OTHER 
ADDER/SUBTRACTORS 


BD001670 
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Am25LS15 


CONNECTION DIAGRAM 
Top View 


Bg Ag Az 83 


CD001790 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


cpt 20 Voc 
19 Fy 


LOGIC SYMBOL 


§ 4 3 CT's 16 1413 1617 18 


18 
17 Bg 


Ay 81'S; Az 8252 Ag 83 $3 Ag By'Sy 
CLOCK 


Am25LS15 
QUAD ADDER/SUBTRACTOR 


OF CLEAR 


Fy 


Fo F3 Fe 


DIE SIZE 0.095” x 0.095” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


 Am25LS15 


Am25LS15 D Cc B 
L_ Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 20-pin CERDIP 
F-20-pin flatpak 
P-20-pin plastic DIP 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad Serial Adder/Subtractor combination you wish. 
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PIN DESCRIPTION 


| Sapte re Ay, Ag, | ghey The "A" input into each adder/subtractor. 
A3, A4 
4,7,14,17 By, Bo, The ''B"' input into each adder/subtractor. 
B3, B4 
3,8,13,18 The add subtract control for each adder/subtractor. When S is LOW, the F function is A + B. When S is HIGH, the F 
function is A-B. 
2,9,12,19 Sa Fo, aS The four independent serial outputs of the adder/subtractor. 
Fa, F4 


Sees CP Clock es The clock input for the device. All internal flip-flops change state on the LOW-to-HIGH transition. 


a CLR Clear When the clear input is LOW, the four independent adder/subtractors are asynchronously reset. The sum flip-flop is 


always set to logic ''0''. The carry flip-flop is set to logic ''0"' in the add mode and logic ''1"' in the subtract mode. 


FUNCTION TABLE 


internal 
External inputs Point 


lt Th PK eee Ee L Clear 
¥| Lt Pare PCHH I A L 

L}| H |x|x}XINCINC] NC 

H| H |xX|X1]X{NC| NC] NC 

rt} HIL 


L 


rs aps ¢ een oes ie o's rigs «ce wigs Ee athe gate Rane tage ie] J Se 1 
oy ogc oe eee as Ee ae Pie tree Rae ee 
ee ee ee ee ae eke ek a ok eae ete 
SE te ce ot bok et ee Re 
Be eee ae a ee Coa ee 
Se ck ee ee Socks eek ae Se ee ek ee 
Rd SE ee ce ek CE Poke Mie eee ads ke ee 


Se i 


C = Data in the Carry Flip-Flop Before the Clock 
Transition 

C; = Data in the Carry Flip-Flop After the Clock 

X =Don't Care 

NC = No Change 

H =HIGH 

L =LOW 

t = LOW-to-HIGH Transition 
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Am25LS15 


APPLICATIONS 


The normal butterfly network associated with the Cooley- 
Tukey Fast Fourier Transform (FFT) algorithm is shown below. 
Here we assume A, B, C, D and W are all complex numbers 
such that: 


A=Apr + jA\ 
B = Br + jB; 
W = Wr + jW 


The outputs C and D are also complex numbers and are 
evaluated as: 


C= Cr + jC; = (AR + BRWR - BiW))_ + j(Ay + BRW + BiWr) 
D = Cp + jD) = (AR- BRWpR + BW) + j(A) -BRW, - BiWR) 


The four multiplications can be implemented using four 
Am25LS14 serial-parallel multipliers (the appropriate number 
of bits must, of course, be used). The additions and the 
subtractions. are implemented using the Am25LS15 quad 
serial adder/subtractors. This diagram depicts only the basic 
data flow; binary weighting of the numbers, rounding, trunca- 
tion, etc. must be handled as required by the individual design 
parameters. 


FAST FOURIER TRANSFORM (FFT) BUTTERFLY 


x Y Am25LS14 s i. 
x 


x 


Am25LS14 


1/4 Am26LS15 1/4 Am25LS15 


F 


(A 8) 8 (A+B) 
8 A 

A 
2 g 4 Am26LS18 


(A — 8) 


1/4 Am25LS15 


8 (A+B) 
A 
A 
Be g V4 Am25.s15 


(A — B) 


e 8 
A 1/4 Am25LS15 


(A +B) 


AF001200 


An FFT butterfly connection for complex arithmetic inputs and outputs. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage +4.75V to +5.25V 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
HIGH Output State -0.5V to +Vcoc max 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


mewn [Teco noe) | wm [uh we | vt 
Veo= MIN: loge = daouA ee ee ee 
ers Sosa ee Vin= Vi Ut feiisc _|27 | ebsemenh 
= ok 5 Lae Sees gee Re ee 
ae LOW Voltage Voc=MIN. ee Volts 
Vin = Vi oF Vit Pe a (ee 
Guaranteed input logical HIGH 


Inout LOW Level Guaranteed input logical LOW Cae es ee ee Volts 
e voltage for all inputs ee Po 


= ae wean Voo= MIN, y= = 18mA ee ee 
Pee | iit LOW. Gavent. «dG MAX, Vea nome 
ee nM Guten «dco MAX mime | 
Py ‘input HIGH Curent Voc = MAX, Vin=7.0V eee eRe ATS [eo 


Output Short Circuit Current a 
Power Supply Current oS 
LUE Cy ene ani cece a ee ee 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value somoliad under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs HIGH, measured after a LOW-to-HIGH clock transmission. 


Functional Diagram 
for FFT Butterfly Connection 


AF001160 
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Am25LS15 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Description _| Test Conditions | Min | Typ | Max__| Units 
t 


gee Gaiam Ss cae Re Sa es 

RE 26 eee Sa a 

F aRoengup of lagignA postiomoa | 

ers PVT W Coben] eee. We 

fe [eer Recevensctetiay 2 cco 4x 1c Gum ee os 

es I ee oe eee 
HGH PAM 97 Ulocpn won ope Sart Gee 

[ow | ek Se a ae 

pw | Clear LOW SO ee ee 

en a TT 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on the t,, t, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified’ 


COMMERCIAL; MILITARY 
Am25LS 
Parameters Description Test Conditions 


eu Clock to O 
et oc ont 
Clear to Ouiput 


_ Min 
aa. 
ony 
pea 
far ean el 1s ra 
Me Pa Ci = S0pF xg 
ae 
maa 
30 
30 
35 
[sao 


ns 


pi ee ey RL = 2.0k2 
pth | Clear Hold Time 


— 


a er te 
fmax (Note 1) Maximum Clock Frequency 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS - Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


lon | Ne 


lor 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


1C000180 


Note: Actual current flow direction shown. | 
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Am25S18 


Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Advanced Schottky technology 
@ Four D-type flip-flops 
@ Four standard totem-pole outputs 


@ Four three-state outputs 
@ 75MHz clock frequency 


GENERAL DESCRIPTION 


The Am25S18 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up 
and hold requirements on the D inputs is transferred to the 
Q outputs on the LOW-to-HIGH transition of the clock. 


The same data as on the Q outputs is enabled at the three- 
state Y outputs when the '‘output control’ (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am25S18 is a 4-bit, high speed Schottky register 
intended for use in real-time signal processing systems 


where the standard outputs are used in a recursive algo- 
rithm and the three state outputs provide access to a data 
bus to dump the results after a number of iterations. 


The device can also be used as an address register or 
status register in computers or computer peripherals. 


Likewise, the Am25S18 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 
bus organized for occasional interrogation of the data as 
displayed. 


BLOCK DIAGRAM 


D3 


CLOCK CP 


OUTPUT 
CONTROL OE 


1) STANDARD 
OUTPUTS 
Q2 


THREE-STATE 
OUTPUTS 


BD001510 


Description 


Am29821-26 
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Am25S18 


CONNECTION DIAGRAM 
Top View | 


Q3 Q2 


CD001710 


Note: Pin 1 is marked for orientation 


Am25S18 


Op 04: 92:93 Yo. ¥4 Ya. .¥a 


26 11°14° 3° 6 40-13 
LS000620 


DIE SIZE 0.077” x 0.079” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S18 Cc B 
L— Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P-—16-pin plastic DIP 
X- Dice 


Device type 
Quad D Register with Standard 
and Three-State Outputs 


9-52 


Valid Combinations 


Am25S18 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION | 


fo ID eee The four data inputs to the register. 


The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed 
non-inverted. 


Yj The four three-state data outputs of the register. When the three-state outputs are enabled, data is 
passed non-inverted. A HIGH on the "output control'’ input forces the Yj; outputs to the high- 
impedance state. 


/9  |CP_ | 1 | Clock. The butfered common clock for the register. Enters data on the LOW-to-HIGH transition. 


7 OE Output Control. When the OE input is HIGH, the Yj outputs are in the high-impedance state. When the 
OE input is LOW, the TRUE register data is present at the Yj; outputs. 
TRUTH TABLE LOADING RULES (in Unit Loads) 


INPUTS OUTPUTS | 
Input/Output 


CLOCK 
CP 


Pin 
Nos. | Unit Load 


Soy 
etl fe te 
a ay aon | a0 
Pa ee 
a ee 
2 aE EB BS 


NOTES 


reeenzzz(q 


ptenasar 
Pe ee ff anes Se ee: Sh 
IrirtiIrnNnNnNnnNnni< 


NC = No change 
t =LOW to HIGH transition 
X =Don't care Z =High impedance 
Note: 1. When OE is LOW, the Y output will be 
in the same logic state as the Q output. 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


*Fan-out on each Qj and Yj output pair should not exceed 
15 unit loads (30mA) for i=0, 1, 2, 3. 
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Am25S18 


py 


APPLICATIONS 


ies 


1/2 OF Am?4S139 


iil | 
Si oils 


AF000720 


The Am25S18 Used As Display Register With Bus Interrogate Capability. 


s 
LENGTH ‘ss 
CONTROL 
8 
ENABLE ‘ce ER a 


The Am25S18 As A Variable Length (1, 2, 3 or 4 Word) Shift Register. 


AF000710 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-556°C to +125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
(Pin 16 to Pin 18) Continuous 

DC Voltage Applied to Outputs For 
HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 


-0.5V to +7.0V 


-0.5V to +Vcc max 
-0.5V to +5.5V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


0°C to +70°C 
+4.75V to +5.25V 


Military (M) Devices 
Temperature -55°C to + 125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


> 
3 
RO 
on 
” 
= 
o 


DC Input Current ality of the device is guaranteed. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


a | ee 
a re a 

VN=Vin Orv [Pee tow=—ama| 24 [a4 [| vol 
XG lov=-65mA_ | 24 | 32 | 


Y 
omnes no fT [ee ae 
a lO 
ca TI ~~ 


input Clamp Voltage Voc = MIN, iy ==18mA Chk Ge 


Input HIGH Current Voc = MAX., Vin = 2.7V 


Input HIGH Current Voc = MAX., Vin = 5.5V 


Y Output Off-State és 
aoe Leakage Current } Voc = MAX. 


Voc = MIN. 


VOH Output HIGH Voltage 


pie 


Vo = 0.4V 
Isc ok apa Circuit Current Voc = MAX. ak 
Power Supply Current Voc = MAX. (Note 5) 


. Typical limits are at Voc = 5.0V, Ta = 25°C ambient and maximum loading. 

. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. loc is measured with all inputs at 4.5V and all outputs open. 

. Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open. 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V,R_=2802) 
Description 


at oi ib cee a ane 
ee ee ee 


Clock to Y Output 
(OE LOW) 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


ORIVEN INPUT 


Y DRIVING OUTPUT Q DRIVING OUTPUT 


502 NOM UNIT LOAD 


2.8k2 NOM, 


= 


| 

| 
cf 
bf oS 


6 | 
= 
a 


7 


Note: Actual current flow direction shown. 


03613B 
9-56 Refer to Page 13-1 for Essential Information on Military Devices 


Am25LS22 


8-Bit Serial/Parallel Register with Sign Extend 


DISTINCTIVE CHARACTERISTICS 


®@ Three-state outputs with multiplexed input 
@ Multiplexed serial data input 


@ Sign extend function 
@ Second sourced by T.|. as Am54LS/74LS322 


GENERAL DESCRIPTION 


The Am25LS22 is an eight-bit serial/parallel register built 
using advanced Low-Power Schottky processing. The de- 
vice features an eight-bit parallel multiplexed input/output 
port to provide improved bit density in a 20-pin package. 
Data may also be loaded into the device in a serial manner 
from either input Da or Dg. A serial output, Qo is also 
provided. 


The Am25LS22 is specifically designed for operation with 


/the Am25LS14 serial/parallel two's complement multiplier 
and provides the sign extended function required for this 
device. 


When the Register Enable (RE) input is HIGH, the register 
will retain its current contents. Synchronous parallel loading 


is accomplished by applying a LOW to RE and applying a 
LOW to the Serial/Parallel (S/P) input. This places the 
three-state outputs in the high-impedance state indepen- 
dent of OE and allows data that is applied on the input/ 
output lines (DYj) to be clocked into the register. When the 
S/P input is HIGH, the device will shift right. The Sign 
Extend (SE) input is used to repeat the sign in the Qz flip- 


flop. This occurs whenever SE is LOW when the SHIFT 


mode is selected. When SE is high, the serial two-input 
multiplexer is enabied. Thus, either Da or Dg can be 
selected to load data serially. The register changes state on 
the LOW-to-HIGH transition of the clock. A clear input 
(CLR) is used to asynchronously reset all flip-flops when a 
LOW is applied. 


BLOCK DIAGRAM 


REGISTER == 
ENABLE 


SERIAL/ 
PARALLEL 


SIGN = 
EXTEND 


Db: 
a6 ae 

4] 16 | 

DY? DY 


6 


JI 
| =a 
et 
Soe 
/ 


= oy a ae J 
15 | 6 } 14 
Y2 


7 2. 13 O 
DY4 DY3 D DY DYo 
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RELATED PRODUCTS 


Am25LS23 8-Bit Shift/Storage Register 
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Am25LS22 


CONNECTION DIAGRAM 
Top View 


Dg DY6 DY4 DY2 DY9 Qo CP 


15 14 


Am25LS22 


CD001750 


Note: Pin 1 is marked for orientation 


RE 
s/P 


DIE SIZE 0.096” x 0.112” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS22 B Valid Combinations 


ieee Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to +70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 
F-20-pin flatpak 
P—20-pin plastic DIP 
X- Dice 


Am25LS22 


Valid Combinations 

Device type Consult the AMD sales office in your area to 
8-Bit Serial/Parallel Register determine if a device is currently available in the 
with Sign Extend combination you wish. 


03622B 
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PIN DESCRIPTION 


ne ee OC eee ee 


DY; 1/O | The multiplexed parallel input/output port to the device. Data may be parallel loaded into the register or data can be 
read in parallel from the register on these pins. These outputs can be forced to the high-impedance state, i=0 
through 7. 
Eee See See The continuous output from the Qo flip-flop of the register. This output is used for serial shifting. 


Register Enable. When RE is LOW, the register functions are enabled. When RE is HIGH, the register functions 
(parallel load, shift right and sign extend) are inhibited. 


Serial/Paralilel. When S/P is LOW, the register can be synchronously parallel loaded. This input forces the register 
output buffers to the high-impedance state independent of the OE input. When S/P is HIGH, the register contents are 
shifted right on the clock LOW-to-HIGH transition. 


Sign Extend. When the SE me is LOW, the contents of the Q7 flip-flop will be repeated in the Q7 flip-flop as the 
register is shifted right. When is HIGH, the two-input multiplexer (Da and Dg) is enabled to enter data during the 
serial shift right. The Q7 flip-flop (DY7) is normally considered the MSB of the register for arithmetic definitions. 


| 3,17 -|Da, Dg. | |__| The serial inputs to the device. 


| 19 ~~ |S +} | Multiplexer Select. When S is LOW, the Da serial input is selected. When S is HIGH, the Dg serial input is selected. 


ee Clear. The asynchronous clear to the register. When the clear is LOW, the outputs of the flip-flops are set LOW 


independent of all other inputs. When the clear is HIGH, the register will perform the selected function. 


| 11 ~~—~—«{CP_-——s|_—t__| Clock. The clock pulse for the register. Register operations occur on the LOW-to-HIGH transition of the clock pulse. 
Output Control. When the OE input is HIGH, the eight DY; outputs are in the high-impedance state. When OE is LOW, 
data in the eight flip-flops will be present at the register parallel outputs uniess S/P is LOW. 


FUNCTION TABLE 


Mode R 
egister | Serial/ | Sign 
a Clear Enable | Parallel | Extend DY7. | DYg | DYs DY4 DY3 | DY2 | DY; | DYo 


i Foe 
<mix< 
<< KK 


L X L X 
L Xx L x : : c : = : : : 
Clear L x L Xx Z Z Z Z Z Z Z L 
— — H — i o- i a Z- 2 i i 
see 


| Parallel Load | Load 


Peete et ctetetereretetene i 
L Dp | Y7n | Yén | Y5n | Y4n | Yan | Yan | Yin | Yin 
Sign Extend | oH | ob 
aaa See eee ae se ewes eee 
L=LOW X= Don't Care NC = No Change 
t = Clock LOW-to-HIGH Transition H = HIGH Z = High-Impedance Output State 
*When the OE input is HIGH, all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not affected. 


D7, Dg...Do = the level of the steady-state input at the respective DY, terminal is loaded into the flip-flop while the flip-flop outputs (except Qo) are isolated 
from the DY, terminal. 


Da, Dp = the level of the steady-state inputs to the serial multiplexer input. 
Y7n, Y6n---Yon = the level of the respective Qp, flip-flop prior to the last Clock LOW-to-HIGH transition. 


|| 
- 
E 
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Am25LS22 


APPLICATION 


CONTROL 


Am25LS22 Am25LS22 
cP 


tf : 
S OY; DY¢ DYs OY, OY3 DY2 OY; DY 
CLEAR as — | 
Aber Sa at eee | | 
ee eens wee ae SA) a) 


Yis Ysa Ys3 Y12 Yar Yr Yo Ye Vpn eg FG Me-7-¥9- Xz) VQ 
MSB LsB MSB LséB 
| TRAST ENR IOIS ROEN o DiNe e 

UPPER BYTE LOWER BYTE 


16-B1T DATA BUS 


Am25LS22 - Am25LS22 
System Operation Upper Byte Lower Byte 
SE | s/p| RE | OE | SE | s/p| RE | OE Description 
Load lower byte and extend lower pH tw fe ] x] | SST | senshi taba y Load from Bus 
lt gale aca pet [ ce |b] x | x |v |b [7 clock cycles to extend sign 
coro an ae Load from Bus 


Load upper byte and extend upper 
byte sign while shifting value to lower 8 clock cycles to extend upper 
byte position 


AF001190 


byte sign and shift upper byte into 
lower byte position 


ok Roe tp ee pl 


Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two's complement 8-bit bytes for arithmetic 
operations in a 16-bit machine. If the upper byte value is to be used, it is shifted to the lower bit positions and its sign is extended. If 
the lower byte value is to be used, it is held in place while the sign is extended downward from the MSB position of the upper byte. 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
.. - 55°C to +125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 

HIGH Output State 

DC Input Voltage (OE, S/P, RE, 


-0.5V to +7.0V 


-0.5V to +Vcc max 


OPERATING RANGES 


Commercial (C) Devices 


Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


-0.5V to +7.0V 


-0.5V to +5.5V ality of the device is guaranteed. 


DC Input Voltage (Others) 


DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Seoul oes cian eae co po pmax | unt 
DY; ton=-10ma[mi | 24 | |__| vo 
DY. lon=-26maloome | 24 | |_| 
Guaranteed input logical HIGH 
Guaranteed input logical LOW Casaneenn creenu enter maior 
= Inet LOW. Level voltage for all inputs Co ebess cowed saa aE 


a Sa 
Von Output HIGH Voltage Yer ves ok Vit 
Hops 40mA [ts est] 04 | 
aE oA a U1. Na a acear 


BO lon SE COM Miva eel 
Output LOW Volta ee eer = 
utput ge Vin = Vi OF Vit lo. =6OmAin i) f=] 045 | 
1 a eae Sas es 


input LOW Current Voc = MAX, Vin = 0.4V 


Voc = MAX, Vin = 2.7V 
(Except DY)}) 


Input HIGH Current 


Input HIGH Current 


= a aaa 
oir stato. iets 

Soe SS ee 

@) t Short Circuit Current 

a ee ee 


Ce eee ON eae ee eed Mee Es Pe 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN, or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am25LS22 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


Description Test Conditions | Min | Typ | Max__| Units 


uso: ves WEE epRO NOE | 

RL = 2.0k0, MN ES 

Grit OCP UVSC cpa te mee | 

Poe gg Pag ony TI | 

~~ RECS Cae ads Bee ces 

<<. mates wee wieee uieete at 

AL = 2K Pe ee Sige Nee ey 

A Gener Us [eae ee 

a aera ieee ee te ee “hr 

eS Gs | a ee 

ee oe ae ns ees Ws ee 

Oe oe ee Sa ee a 

oe ee 

BRE SNES eS Eo 

Ro eee ae 

Ss OC ees BGA Secs eee Pe 

DY; (Load) to Clock ee ee 

ntti ciee oe oP 

fe eRe Gee | bl are RY pe 

ee 

Si ie See es ae a 
HGH Ree ee eee 

ow | ck oe 

a ee i ee 

se fae oe, 


‘Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ty, pulse width 
or duty cycle. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


| 
Parameters Description Test Conditions | Min | Max | | Min | Max | 
Beene Ga a 
keene oe pe 
| ee mee 
C= 50pF ee Eee es ee 
Sets an AL aoe | | Biches sieht’ Tt 
 [2alg amie oaet apres |e ne 
|| arch. Sees Gea ae at 
eas Bae! Gee 
a OS = | C= 5.0pF ee ES Se es 
RL = 2.0k2 iserevirnk @@- Of &: CSE 1258s S 
So haa aes C, = 50pF paonur. pr Gece Seedy © 
t2L ieee i eS ee ee 
We es cos tal niet Cl = 5.0pF ee ee 
RL = 2.0k2 eT ee 
hee PRE © Ghook orpsioag rig 0S brsbnslel a ee ees ae 
Goan amon Sas Lee, Lee 
Sees Ee ee 2 See 
ee ee ee ae A 25S LE 
Sas Se es as Se 
se ere Ges: | eee oe Pe 
Sees ae bs te SS Be) es See 
2 SM ie Pe eee 
Bares EN 2 es eee 
eS fe eas | Se ae) DRS Sees 
~ mi esi laa aa Se 
| Awzkss it Claes esi SES Se Se en, 
trae (Note 1): ) | Maimun Cock Frepuenoyy Ti] ee ime p28 ais Me 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DY; Only Other Pins. 


ORIVING OUTPUT ORIVEN INPUT 


1C000120 


Note: Actual current flow direction shown. 
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Am25LS23 


8-Bit Shift/Storage Register with Synchronous Clear 


DISTINCTIVE CHARACTERISTICS 


®@ Synchronous clear @ Cascadable shifting 
® Three-state outputs @ Second sourced by T.I. as 54LS/74LS323 
@ Common input/output pins 


GENERAL DESCRIPTION 


The Am25LS23 is an 8-bit universal shift/storage register continuous outputs are also provided for flip-flops Qo and 
with 3-state outputs. The function is similar to the Q7. 

Am25LS299 with the exception of a synchronous clear 
function. Parallel load inputs and register outputs are 
multiplexed to allow the use of a 20-pin package. Separate 


Four modes of operation are possible — Hold (store), Shift- 
left, Shift-right and Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is packaged in a 
standard 20-pin package. 


BLOCK DIAGRAM 


2 Sy heed Bi oees el meee ee eet 
i=in 


Slidell ells aiialies 
a arayaras es 


(ECLA 
B atatatataeatats 


: 
RELATED PRODUCTS 


Description 
Am25LS22 8-Bit Serial/Parallel Register 


ourPUT | Gy 
CONTROLS | G, 


BD001480 


03661B 
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CONNECTION DIAGRAM 


Top View 


Q, DY; DY, DY3 DY, CP Sp 


CD001760 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


Am25LS23 
8-BIT SHIFT REGISTER 


DYg DY, OY, DY3 OY, DYg DYg 


DIE SIZE: 0.096” x 0.112” 


ORDERING INFORMATION 
AMD products are ‘avaliable in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS23 


B 

ois Screening Option 
Blank — Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 
F-20-pin flatpak 
P—20-pin plastic DIP 
X- Dice 


Device type 
8-Bit Shift Storage Register 
With Synchronous Clear 


Valid Combinations 


Am25LS23 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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~Am25LS23 


PIN DESCRIPTION 


Sas |_—st__‘| Shift right data input to Qz. 
'S. ——s|_—s ‘| Shift left data input to Qo. 


Active LOW synchronous input forcing the Qo through Q7 register to see LOW conditions, visable only if outputs are 
enabled. 


A LOW-to-HIGH transition will result in the register changing state to next state as described by mode and input data 
condition. 


| 1,19 |So, S: | 1 | Mode selection control lines used to control input (output during load) conditions. 
Ss | Se ae Active LOW input to control three-state output in active LOW AND configuration. 
| 8,17 |Qo,Q7__—- | © _| The only two direct outputs; used to cascade shift operations. 


7, 13, 6, 14,;DY¥9-DY7 | 1/O | Input/Output line dependent on mode and output control. Input only with mode select LOAD. Output in all other 
5, 15, 4, 16 modes but subject to output select (Gj, Go). 


TRUTH TABLE 


je 

runction __|Sa[8: [CLEAR LOCK |S) 1] Gz] Gp _Q7 [DYo DY; D¥z D¥s DYs DYs De DV; 

oe ee ey + fioenli tl tl tlt wee tO AT 
NC NC | 


Output 
Control 


Hold 
Load (Note 2) 
Shift Right 


NC. NC 


Shift Right 
Shift Left 
Shift Left 


tL =LOW Z =High Impedance t+ = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs. 
H =HIGH xX =Don't Care NC =No Change 2. In this mode DY; are inputs. 


xx ImxkK &X 
Irxxex« x 
a ee ie ie a 4 
ma a ee ok 
a tt oo ok) So OS 
Str fot oe hake 2h 
ged wal aah panel aro gaat Wn A ho 


APPLICATION 


INPUT/OUTPUT DATA 


Dig 04, DQ 043 Oyg  O4g 


DY, DY, OY, DY, DYg DY, 
Ss. 


OY9 OY; DY, OY3 DY, DYs DY, DY, 


CLK 


MODE 
CONTROL 


AF001110 


16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register. 
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ABSOLUTE MAXIMUM RATINGS | 


-65°C to + 150°C 
... - 55°C to + 125°C 


Storage Temperature 

(Ambient) Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 

HIGH Output State 

DC Input Voltage So, $1, Gy, Go, 


-0.5V to +7.0V 
-0.5V to +Vcc max 


-0.5V to +7.0V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


ecs 1scwy 


DC Input Voltage (Others) ality of the device is guaranteed. 


DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


-0.5V to +5.5V 


DC CHARACTERISTICS over operating range unless otherwise specified 


= OM 27 fe 
MIL, lon = -1.0 Volts 
MIL, IloH=-1.0mA | 24 | | | 
COM'L, lon=-26mA | 24 [| | | 
ion=4oma [| 035 [0a 


H Output HIGH Voltage 


< 
ut 


DYo-DY7 


Voc = MIN. 
oan tee vine Vino Vi iu=eona | | 03s] oas_| Yom 
Guaranteed input logical HIGH 
ViH Input HIGH Level voltage for all inputs eee ees — 
V Input LOW Level Guaranteed input logical cow [ML | | | Volts 
iL P voltage for all inputs COM'L Da ee SES 
input Garp Vohage Veo = MIN, hy == 18m EIR (SRE PC ee 
ing LOW Casren voo=MaK. Ya n0av — fiateg PJ faa] 
Input HIGH Current Voc = MAX., Vin = 2.7V pA 
(Sant Ovi el nee ee 
: EES ag By cose re aoria patrineh |) | Oe 
put HIGH Our vo = MAX. AL eT TOS fe 
a ie a aia 
cue 7 a a Be 
Output Cures oo MAX ee 
Output Short Circuit Current 
rei a 
Power Supply Current Voc = MAX. (Note 4) ees Pe ee 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. 
4. Icc-measured with clock input HIGH and output controls HIGH. 
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Am25LS23 


SWITCHING CHARACTERISTICS (Ta, = + 25°C, Vcc = 5.0V) 


Description Test Conditions | __ Min | Typ | Max __| Units _ 


a AenBiot Haus eer Soni 
= Clock to Qo or Q7 
cai Sos eee eae ae 
ee 

it Clock to DY; 
Sa Se eS Ae ae 
te | Sis Sp Setup Prior to Chock oO el dk ee 
[hh er Se, eae co Rbemn. | ik Te ee 
fy ee Wa eas A Os ae 
te [Gear to Crock Ro tee fo ene geod | 
OR ee S68. a oe, ————+ $+ $s 

{ZL een ne es ee a ae 
GL = BOPF cnsioehic oh a vaeeeeh tale ton 4h siya 

S1, So, Gi, Go, to DY; 

eo oe Ri = 2.0k2 PASeT A Yet PiaiedGuenqap.s OREN a) 
ine) | Mmdmum. Clock Frequency (Note 1) PB ee eS 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ts, pulse width 
or duty cycle. : 


SWITCHING CHARACTERISTICS over operating range unless otherwise. specified* 


Parameters Description Test Conditions | Min | Max | | Min | Max_ 
eee 4, 
ese ee EO Se GE JR He oa Seca 
Sj] 
ase Sa eS we Ce ok 
pts CS, Sq Set-up Prior to Clock C= 50pF Pe bees Go. ae Se 
fj ts = DY, oF Sp, Si Set-up Prior to Clock Sh aa So aS Se ees 
Aa epee Wen ecco) a Re a 
se eas Ee a 
Sere a ee ae 
BPRS bs. ol 
es eS Cy = 5.0pF Pees SA 
2 ew es Un2 SG A 
| fmax | Maximum Clock Frequency (Note 1) | CY TTT MC 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


INPUT/OUTPUT 


CURRENT INTERFACE CONDITIONS 
DY; Only Other Pins 


ORIVING OUTPUT ORIVEN INPUT 


1C000120 


Note: Actual current flow direction shown. 
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Am25L$2513 


Three-State Priority Encoder 


DISTINCTIVE CHARACTERISTICS 


@ Encodes eight lines to three-line binary 
@ Expandable 
@ Cascadable 


@ Three State inverted output version of Am54LS/74LS/ 
25LS148 

® Gated three-state output 

@ Advanced Low-Power Schottky processing 


GENERAL DESCRIPTION 


The Am25LS2513 Low-Power Schottky Priority Encoder 
performs priority encoding of 8 inputs to provide a binary- 
weighted code of the priority order of the 3 tri-state active 
HIGH outputs Ag, Aj, Ao. Three active LOW and two active 
HIGH inputs in AND-OR configuration allow control of the 
tri-state outputs. The use of the input enable (El) combined 


with the enable output (EO) permits cascading without 
additional circuitry. Enable input (El) HIGH will force all 
outputs LOW subject to the tri-state control. The enable 
output is LOW when all inputs Ip through 17 are HIGH and 
the enable input is LOW. 


“BLOCK DIAGRAM 


—j— | 
Pens eer a — ae 


Feb site 


€ 
= 


BD001660 


RELATED PRODUCTS 


Description 
Am2913 Priority Interrupt Expander 
Am2914 Vectored Priority Interrupt Controller 
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ELScs 1scwiy 


Am25LS2513 


CONNECTION DIAGRAM 
Top View 


CD001810 


Note: Pin 1 is marked for orientation 


9) ty i) I3 Ig Is Ig I7 


Am25LS2513 


DIE SIZE 0.082 x 0.085 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2513 D Cc B 
L— Screening Option 
Blank - Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M —Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 

P-20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type — determine if a device is currently available in the 
3-State Priority Encoder combination you wish. 
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PIN DESCRIPTION 


ae ol 9 


saat AO, Al, a Three-state, active high encoder outputs. 
A2 


ce ee Enable input provided to allow cascaded operation. 
Sa Enable output provided to enable the next lower order priority chip. 


G1,G2 | 0 | Active high three-state output controls. 


11, 9, 14 Lia 2h Active low three-state output controls. 
18,15,16, Active low encoder inputs. 
17,1,2,3,4 


TRUTH TABLES 


ELScS 1sculy 


EI ip iy ip ig ig is ig 17 H Enabled 
eee eee eee weer . ‘ 
LHHHHHHHHIL LL kt : ; 
6 Ce bie eo - 7 
We ee SS oe he ae es oe ae ae ee : 7 
CXS XS OW EMS A HEH 

LXE KE ER MORO LE SEHR Z = HIGH Impedance 
LX XX LHHHHIH H LH 

LX xX LHHHHHIL HLH 

LX LHHHHHHIH L LE H 

LLHHHHHHHIL LL H 

H = HIGH Voltage Level 

L =LOW Voltage Level 

X =Don't Care 


For Gi =H, Ga=H, Gg=L, Gg=L, G5=L 
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Am25LS2513 


PRIORITY ENCODED RST INTERRUPT 
INSTRUCTION FOR THE Am9080A 


+§.0V 
DATA DATA 
Am9080A 8 BUS 
oe Pe Pa 
Ao 
Ay 
A2 
ACTIVE T 
LOW Am25LS2513 
INTERRUPTS '4 
ie 
16 
1 
TO 9080A INT 
+5.0V 
Boars 6.8K 
INTA FROM 8228 
AF001070 
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APPLICATION 


e (> €) €) €) £) €) ) CD e (> €> €) €) €) OC) C) © o _> €) €) €) €) £5 £9 €) ” [> €) €) €) £3 €) €) e -2 6) €) €> €> €) £) Ci . 2 €3 €) €) €) €) > CD 


-> €) €) £9 CO Cb © © 


64 Input Priority Encoder Connected for Parallel Enable 


Vs 

7) 

V3 | vector 
V2 { OUTPUT 
vy 

Yo 

REQUEST 
AF001140 
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elses 1scwy 


Am25LS2513 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential Supply Voltage 
Continuous -0.5V to +7.0V “ ; 
DC Voltage Applied to Outputs For Miliary (iy Dees ° ° 
: Temperature -55°C to +125°C 
High Output State -0.5V to +Vcoc max 
DC Input Volta 0.5V to +7.0V Supply Voltage +4.5V to +5.5V 
Pet ee is a Operating ranges define those limits over which the function- 


DC Output Current, Into Outputs lags 
DC Input Current ality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


=e | eee [m SR [om 


a ee et 
CoML lOH = -2.6MA 

Vor Cove HH Volinae Vin= Vin Vi ie epee a 

= ou oom} [ae | 

ocean el ee 

Vou Output LOW Voltage Soy cL a BR Se 

lou = temahy Ouputey [|| O8 


Guaranteed input logical HIGH 
Ces <a asibataatie voltage for all inputs so SR nia 
Input LOW Level Guaranteed input logical LOW fal St cee 3 Veo ES Sr Volts 
p eral gr Co 7 a OD Oa 


a ee ta 


a55 ee Voo=max. [Et Gu Ge Gs Ge Sle [ [| =04 
: Vin-o4v _[Alothers | Sd SC*dt;«C 
Voc=MAX, [El Gt. Ga, Ga, Ga G5 lo | | | 0 
a Vn=27V [All other Oe ee BEES 
eee Voc = MAX. ET, Gi, Ga, Gs, Ga Gs lo | | OT 
ela a Vin=7.0V____[All others [Rane SB dak at cee 
Off-State (High | No POG nt eee 
@ (High Impedance) Voc = MAX sik 
Output Current SING SRN ee 
Output Short Circuit Current a 
clits Ce eee Ee cima 
Power Supply Current =e 
CC eee ee eee Ee 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not-exceed one second. 
4. All inputs and outputs open. 
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SWITCHING CHARACTERISTICS (T, = +25°C, Vcc = 5.0V) 
[Parameters [Description | ‘Test Conditions | Min | typ | Max__| Units _ 


elszsiszwy 


(eee 
Se ee i Se Ue De 
— I, to An (Out-phase) 
ies a & Par eae eer ee 
eg Ser eee 
PLH j, to EO 
Pot a a oe 
aie Pasa ire ne 
a0 -f) se te 
| Mien a ae Re ee ee 
a ee 
Cs es ee Bele ee ase Se 
a 
Cees Oe Lore) Sk 
| aT cee 
Geis 2 oO ee 
eo ee eta fe 

: to A 


; 
Deeiant ion 


= 
ee 


(mae 


Gs, G4, Gs to A 
ig ptt © G2 A CL = 5.0pF 


wo P= 20K 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Note: i=0 to 7 
n=0 to 2 


C. = 50pF 
Ry = 2.0kQ2 
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Am25LS2513 


Voc 


Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


EB ORIVING OUTPUT A, ORIVING OUTPUT ORIVEN INPUT 


o 


So 

cr 
| 
| 
1 
! 


eae ee 


1C000130 


Note: Actual current flow direction shown. 
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Am25LS381/Am54LS381/Am74LS381 
Am25L$2517 


Arithmetic Logic Unit/Function Generator Low-Power Schottky Integrated Circuits 


DISTINCTIVE CHARACTERISTICS 


Three arithmetic functions 

Three logic functions 

Preset and clear functions 

Carry output (Cp +4) and overflow (OVR) outputs on 
Am25LS2517 

Generate and propagate outputs for full lookahead carry 
on Am25LS381 


The Am25LS381 and Am54LS/74LS381 are arithmetic 
logic units (ALU)/function generators that perform three 
arithmetic operations and three logic operations on two 4- 
bit words. The device can also output forced 0000 (clear) or 
1111 (preset). These eight operations are selected using 
three function select inputs So, S; and S2 as shown in the 
function table. Full carry lookahead is used over the four-bit 
field within the device. When devices are cascaded, multi- 
level full carry lookahead is implemented using a '182 carry 
lookahead generator and the G and P outputs on the 
Am25LS381 or Am54LS/74LS381. The device is packaged 
in a space-saving (0.3-inch row spacing) 20-pin package. If 
the Cy+4 carry output function is required, the 
Am25LS2517 should be used. 


The Am25LS381 is a high-performance version of the 
Am54LS/74LS381. Improvements include faster A.C. spec- 


Soe 
$2 p--— test's 
a of 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


9-77 


@ 8mA sink current over the military temperature range on 
Am25LS 

@ 50mV Improved Vo, on Am25LS compared to 
Am54LS/74LS 

@ 440yA source current at HIGH output. 


ifications, higher noise margin and twice the fan-out over 
the military temperature range. 


The Am25LS$2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 
operations are selected using three function select inputs 
So, S1 and Sp as shown in the function table. Full carry 
lookahead is used over the four-bit field within the device. 
When devices are cascaded, the carry output (Cp + 4) is 
connected to the carry input (Cp) of the next device. The 
Am25LS2517 can also detect two's complement overflow. 
The overflow output (OVR) is defined logically as Ch +3 ® 
Cn +4. 
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Liszsiszwy | 
LeESTpZwy/L8EeSTPSswiy/LsesTscwy 


Am25LS2517 


Am25LS381/Am54LS381/Am74LS381 


RELATED PRODUCTS 


9-78 
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CONNECTION DIAGRAM 
Top View 


Am25LS2517 Am25LS381 Leadiess Chip Carriers 
Am54LS/74LS381 


Voc A2 Bo Ch Cn+4 OVRF3 Fo Voc A2 Bo A3 


CD004040 


Ziscesi1scwy 
LSES THZWY/L8ES TPSWY/L8ES IScwiy 


CD004020 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


Voc 
Ag 


(ACL ane 7} {rma 


ag ce 


DIE SIZE 0.091” x 0.108” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


PC, PCB 
DC, DCB, DM, 
DMB 

FM, FMB 


Am25LS381 
Am25LS2517 D Cc B 
L— Screening Option 
Blank — Standard processing 
B - Burn-in 


Am25LS381 


Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 
F-20-pin flatpak 

L-20-pin leadiess Chip-Pak 
P—20-pin plastic DIP 

X- Dice 


PC, PCB 
DC, DCB, DM, 


Am25LS2517 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Device type 
ALU Function Generators 
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PIN DESCRIPTION 


|_Pin No. [Name | 1/0 | Description : 
3, 1, 19, 17 |Ao, Aj, The A data inputs. 
A2, Ag 
4, 2, 18, 16 |Bo, By, The B data inputs. 
Bo, Bg 
ae [ 
S2, S3 
Fo, F4, Po The data outputs of the ALU. 


Am25LS2517 


The control inputs used to determine the arithmetic or logic function performed. 


The carry-in input of the ALU. 
The carry-lookahead output of the four-bit input field. 


ee 
2 ee The carry-generate output for use in multi-level lookahead schemes. 


ee The carry-propagate output for use in multi-level lookahead schemes. 


OVR Overflow. This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the result of an arithmetic two's complement operation has 


Am25LS381/Am54LS381/Am74LS381 


overflowed into the sign-bit. 


FUNCTION TABLE 


Selection 
Arithmetic/Logic 


Operation 


Clear 
B Minus A 
A Minus B 


H = High Level, L = Low Level 
See Truth Table for full description. 
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= 
GUARANTEED LOADING RULES OVER OPERATING RANGE J | 
(in Unit Loads) = 
*” 
A Low-Power Schottky TTL Unit Load is defined as 20uA measured at 2.7V HIGH and -0.36mA measured at 0.4V LOW. e 
ak, 
“AmS54LS/74LS >> 
ae 4: 
NO 
gi 
input Load Ne 
an. 
Pe 3 
ieee Oe y 
oo 
Mito eee 
Genes ees 
ee 


—_ 
— 


*OVR Drive is 22 Unit Loads. 


**4.0 for Am25LS2517. 
: Am25LS/54LS/74LS381 
TEST TABLE 


Other Data Bits Output 


- All A's & B's | out-of-phase 
All A's & B's in-phase 
All B's out-of-phase 
All B's out-of-phase 
All A's & B's out-of-phase 
All B's out-of-phase 
- out-of-phase 
- in-phase 
- out-of-phase 
om in-phase 
A's & B's out-of-phase 
A's & B's out-of-phase 
All B's in-phase 
A's & B's out-of-phase 
All B's out-of-phase 
All A's in-phase 
A's & B's out-of-phase 
All A's out-of-phase 
All A's out-of-phase 
A's & B's in-phase 
All A's in-phase 


imoooo0°o+-x++++—+ 


iroooooo0oo0o0o0ccceo-cooc09cne 


—~—st or | | st Bt Oost ae eae as = KX =" =| OO 


X 
X 
X 
X 
0 
1 
0 
1 
1 
1 
1 
X 
X 
1 
X 
X 
1 
X 
X 


X = Don't care 
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TRUTH TABLE 


FUNCTION 


Am25LS/54LS/74LS381 


[ae $1 S2[n [An @o [fo Fe ml S| P 
Touan Jo 0 o|x[x x]o oo ofolo. 


ee Ea 


Ziscesiscwy 


ooroeoo0oc”oroiroroo0o0orcjc”ojiroonoro79”jn$o 


error Or CO Os Or - iO: 0 f-.0O10O - - -—0 CO Cir 


Orrerororerewrl ooocorirrre 


Oorror orererioqoododrerl|irrsrrse 


rroromwrloucmomdirw Orr ooroltorrreoowo-7T 


wrrororq0ooirorro0oroiorrroooriorrotiorrete 


Or fF OT orrwrrvrioocidor|irr rr 


Oi Ge Se F-Oren| Ge SS OL Orernrr 
oOorrioorriocorrioorsr+. 


cr oOoOoOrorrOolfroorOormcr rc OoNjOorerorocluol$Tr 


ororor oriororororTriorororory 


oorrocworrioodrroorri°gcorroTorr 


A MINUS B 
A PLUS B 


LSES TyLWy/LSES TpSWIYV/L8EsiIscwy 
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(-ooo0oo0°cooo°o°co=-+ 


ooooo;j$]$} il 


i—-—-O0 == &@ @ et wt ot ot os «+ OO 


0 
1 
1 
1 
0 
1 
0 
0 
1 
1 
1 
0 
0 
1 
X 
X 
1 
0 
0 


Am25LS2517 
TEST TABLE 


Co 


Output 
Waveform 


out-of-phase 
in-phase 
out-of-phase 
in-phase 
in-phase 
in-phase 
out-of-phase 
in-phase 
out-of-phase 
out-of-phase 
out-of-phase 
out-of-phase 
in-phase 
out-of-phase 
out-of-phase 
in-phase 
in-phase 
in-phase 
in-phase 
out-of-phase 
in-phase 
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> 
3 
NO 
oi 
rc 
” 
io) 
oO 
wath 
~ 
>> 
32 
N Ol 
Ol & 
"Ee 
nw 
NO @ 
oi 6 
anh ub 
~_™N 
> 
3 
a | 
a 
ie: 
7] 
Go 
os) 
ali, 


CO's: OS Oe tt OO OT O..=. Oo ee FOO Oe 0 ee SK Le CO.:0O -—. 0 0 = es es 
Ooo Oro oO OOo Oo Oo 6 6 Orore Oo OC 0° 0 oOo |! =a 0 — CoO = ~20c0000~|-ororo~rloooccoor 


rr Tr Tr Tr TT Ee 


Sa a re em | CE Se a em eee ree eee ees a ee Sree Ch eC Ch 


-OoO- - OO f- O 


rr Orr ooror orrrwroocoriorroeoaorrororrrtrre O03: 3:0: 6 Oe ee Se ee 


OO wee Ce Oe 


OO." sO) OO! 


rrrrr rer rT 


-oOo-nr- fr oOo ororiorwrwrr oooriorroodrrtghforrrTrtrsrTr 


eooi=n- COOe Oo f- SF OTS COO f- Oo Ke STOOL OoOwre OO er oor or sr CoO Sf Tr OLTeoO Se ee Oe S&S SO O78 910 O'S ee ae ee 


- OUTPUTS 


/So $1 S2| Cn | An Bn| Fo Fi Fe Fo | G | P| 


X X 0 0 
X X 0 0 
1 1 
1 1 
0 0 
1 1 
0 0 
1 1 
0 0 
0 0 


nm 4 Se OC wig On OO OO 7 Ome Ore LO = 6 8 = Oe Oo Ce C6 =O 1 OO oO = Oo ee (SS ee OO 
in 
a oOoorro0o0orrsioorr Ooorr | OOrro7orririoorroorritioorroTorTr OoOorr oor: bed 
ED /a2 
» ere oO oO = bod 
tit o hire oO - 
5 on 
i a 
5 S ” 
2i& z > m0 mo 
_ Ty S oo 
ae vs nf + se) 
O < < <x <x <x 
Zises1scwy 


L8ESTPLWV/L8ES TpSWV/LSESTScwy 
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APPLICATIONS 


Ag A, A243 Bg By 82 83 Ag A5 Ag A? = Bg Bg Bg 87 Ag AgAi041; 8g 898308); A12A13414A15 812813814 Bi5 


CARRY IN Ag A; A243 Bg By Bp 83 Ag A, A2 AZ. Bo 8) B7 B3 Ag 4142 43 Bg 8) 82 83 Ag A; A243 Bo 8; 82 83 
Cy Cc 3 Cn Cnisé Cy ine Cn Cc * 
ne 
Am25LS$2517 Am25L$2517 ™ Am?25LS$2517 


ove OVERFLOW 


> 
3 
sd 
, 
fe =) 
em 
~ 
>> 
32 
Nh Ol 
as 
DP 
43 
=e 
& 
3 
“J 
= 
g 
andl, 


Fe fe fg 7 BYTE 
OVERFLOW 


TYPICAL SPEED CALCULATIONS 


Aj_or Bj to Ca +4 
Ch to Ch +4 

Ch to Ch+4 

Ch to Fj 

Cp to Cnh+4, OVR 


1e-Bit Speed | 7ons | eons 


The Am25LS2517 in a 16-Bit Ripple Carry ALU Connection. 


Ao Ay A2A3 89 By 82 B3 AgAg Ag A7 84 Bs 8 87 Ag Ag Aig 431 8g 89 849 8; Ay2 443414415 812 813814 Bis 


CARRY IN c AAT Az Ag 8p 81 82 Bg ¢, MOATAZAS Bo 8, 82 83 ¢ AO ATAZ AZ Bo 81 Bo 63 Ag Ai Az A3. Bg By B82 83. Cour 
n n n n 


Chea 


~ Am25LS381 s Am251S381 Am251S381 Am25S2517 

1 1 1 

$ . : ; aay S ae : ii S, Kon OVERFLOW 
o Fy Fo Fy 0.63 Bo 64 Le ahs Pee ae A 


ae Fe F9 Fio Fi 256 a Fi2 Fi3 Fig Fis 


er Py Cn v 
Am2902 


TYPICAL SPEED CALCULATIONS 


ee 
Me eacer 


A; or Bj to G or P| 20 ns* 
j OF P; to Cj + j 
(Am2902) 
Crh to F 
Ch to Ch + 4; OVR 


ise Speed [ane | Ane 


* Note that S; to G or P may be longer path. 
The Am25LS2517 and Am25LS381 in a 16-Bit Carry Lookahead ALU Connection. 


USER NOTES 4. Arithmetic in 1's complement notation requires an end 


A ; around Carry. 
1. Throughout this data sheet, the active HIGH input and 


output terminology has been used. 5. Subtraction in 2's complement notation requires a carry in 


2. Arithmetic operations are performed on a word basis. (Ch, = HIGH) for the active HIGH case. 


3. Logic operations are performed on a bit basis. 
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Am25LS381/Am54LS381/Am74LS381 


Am25LS2517 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ....................eeee -65°C to + 150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias....... -55°C to + 125°C ITI aes sv sccxivsskniow cavergsssioiad 0°C to +70°C 

Supply Voltage to Ground Potential Supply Voltage: ..........i..ccdisheto cs +4.75V to +5.25V 
re icin 1 SB Se BGR er 23 Sa SR meee -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For . | 
TOMPOFAIUSS ox cishncenkess de ccoessceapsase -55°C to +125°C 
High Qutput State eh cede at hae aco me pati Voliage ..2b:ie.sbvcsesiciss esses: +4.5V to +5.5V 
a = apes ani ee 0.5V to +7.0V Operating ranges define those limits over which the function- 
A ANU er SV reeks dace -0. (e) : ality of the device is guaranteed. 
DC Output Current, Into Outputs ..................eeeeeees 30mA 
DGC input Curtent:..../..02i.6 65 aeteeeess: -30mA to +5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise. specified 
Am25LS381 « Am25LS2517 


Typ 


3 . ss | 
eg eT 
bh | 


meee ses 
Vou Output LOW Voltage Neon MIN: 3 lilo Boma ese panei | Peas | Vote 
‘ a 
AGGE 07 
wvscwinw | paps ow PS 
Yoo = MIN, liy =~ 18mA Cann! Bae Ses os ee 
Eee Ed ee TF 
" Input LOW Current Voc=MAX Vin=oav ROE Se mA 
een a | 
Me ee ee ees | 
pia Ge | 
wee 
ne scukieasn dae 
diguetpes to glance ta ah et fe 
[Voc=WAX Vv sev | isesi7,cn | «| Sid St 
SURE T aleclones 7 ear alll eS 
mos fd] TC 
famesis257—[ 49 
icc Ney Kone me ? aa 
SOM Tamesisestro far | ar 


Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Test conditions: LS381: So = Sj = So = GND, all other inputs open. 
LS2517: So = Cp = open, all other inputs = GND. 
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DC CHARACTERISTICS over operating range unless otherwise specified 


AM54LS/74LS381 


Typ 
eacriie ip i ee 
V Output HIGH Voltage | Veo = MIN, lop 9-400 HA KSEE ae ae a Volts 
OH 9 Vin = Vin oF ViL eo eee ee ee ee 
SSS 
V Output LOW Voltage Voc = MIN INS Oh rN ae Volts 
OL Vin = Vin oF Vit P, lo. = 8.0mA Sy ean Sena 8s See 
G, lo. = 16mA See SAS 


Guaranteed input logical HIGH 


Ziszsiszuy 
LeeSTpzwv/L8esTrswv/Leesiszuy 


r a RES amulet On [Me | Re ee Sa eer 
: P voltage forall inputs oo ee 
input Clamp Votage Voo= MIN, =~ 18mA igae Teeehy ora ye pes 


2 ea saan eae 7 ce 
pit LOW Curent Wot 8) |Voo=MAK w= OAV [Opeg Pare] 
—— 
tn | npat a cut ote 8) Voom Max weeny bSheg ed 


Input HIGH Current (Note 5) Voc = MAX, Vin = 7.0V Others Se ee ee 
Output Short Circuit Current a ke Pe 
(Note 3) eke | 100 | om 
Power Supply Current - 
gr Voc = MAX ee, ee 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Test conditions: LS381:Sqo = S; = So = GND, all other inputs open. 
LS2517: So = Cp = open, all other inputs = GND. 

. Limits chosen by AMD based on SN545/74S381, T, |, LS data unavailable. 


&@h 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


[amass | Ambasr7ais 
es Sa Se a ee 


on 
(@] . 
tPHL _ 


{PHL Aj to Bj to Fj 
'PLH 
A; or B; to G ('LS381 Only) 
o A; or Bj to P ('LS381 Only) 
PW ee - 
Sito Gor Pcuseet ony |e = zOKD 
IPHL Aj or Bj to OVR ('LS2517 Only) 
tPLH 
Aj or Bj to Ch +4 ('LS2517 Only) 
Be Sj to OVR or C 'LS2517 O vi os 
Py Seo’ sie Oe OO Ss Sees Se 
= Cc C "LS2517 Onl 
Jal ~~ eae SS a eS es 
= Cc OVR ('LS2517 Onl 1 a 
pe ves vik poo ee 


oO 
@ 
“ 
NO 
© 
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Am25LS only 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Am25LS2517 


Am25LS381/ Am54L$381/ Am74LS381 


ae ae ae ee 
Parameters Description Test Conditions | Min | Max | | Min | Max | 
KS ——— +34] » 
Jebe Bs ee ee Pe ee 
ee oe oe oe eee 
nin eae fi i Be ee, Se ee ee 
easees jf 48 A el eee 
: aes! Re Bee See Tee ee 
pL Bio G Coe ow) peenmoe | 81 Pee | 
PLH recreng pa Be ae ee eee ee ee 
S| Be ee See ot a ae 
see F om A ee 
. a a7 
$f $B 
Bs é eee: Sr ee ee ee ae 
FS let i ik Pepe ss ee ee eat ee | 
dee e a ata ee Ae oe ee 
RS Se ae ee ee oe ee 
| mee ai ee ee eee Se eS 
ene Sees On ee Ee ee 
pp 
inate wy) ere ee es ee ee ee 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS/Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


1C000180 


Note: Actual current flow direction shown. 
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Am25LS2518 


Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Low-Power Schottky version of the popular Am2918 and 
Am25S18 
@ Four standard totem-pole outputs . 


@ Four three-state outputs 
@ Four D-type flip-flops 
@ Second sourced by T. |. as the SN54/74LS388 


GENERAL DESCRIPTION 


The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up 
and hold requirements on the D inputs is transferred to the 
Q outputs on the LOW-to-HIGH transition of the clock. 


The same data as on the Q outputs is enabled at the three- 
state Y outputs when the "output control'' (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am25LS2518 is a 4-bit, high-speed register intended 
for use in real-time signal processing systems where the 


standard outputs are used in a recursive algorithm and the 
three-state outputs provide access to a data bus to dump 
the results after a number of iterations. 


The device can also be used as an address register or 
status register in computers or computer peripherals. 


Likewise, the Am25LS2518 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 
bus organized for occasional interrogation of the data as 
displayed. 


BLOCK DIAGRAM 


D3 


CLOCK CP 


OUTPUT 
CONTROL OE 


Am25S18 
Am2918 


Am29LS18 
Am29LS2519 


9-89 


: STANDARD 
OUTPUTS 


THREE-STATE 
OUTPUTS 


BD001510 
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Am25LS2518 


CONNECTION DIAGRAM 
Top View 


D-16, P-16 


CD001670 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL ~ METALLIZATION AND PAD LAYOUT 


1 Do 1 16 Voc 


Q : D3 


265 1 36-36 10393 


LS000580 


DIE SIZE 0.083” x 0.099” 


= ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2518 D Cc B 
Sars Screening Option 
Blank — Standard processing 
B — Burn-in Am25LS2518 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 

F-16-pin flatpak 

L-—20-pin leadiess chip carrier 

P-—16-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Quad D Register combination you wish. 
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__Pin No. [Name | 1/0 | 
eee 
meee) (esd 


Yj 


Beis ee 28d 


Jee 


PIN DESCRIPTION 


Description 
The four data inputs to the register. 
The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed non-inverted. 


The four three-state data outputs of the register. When the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the ‘'output control’ input forces the Yj outputs to the high-impedance state. 


Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 


Output Control. When the OE input is HIGH, the Yi outputs are in the high-impedance state. When the OE input is 
LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


L 
H 
t 
t 
t 
t 


oe |e | 
x 
x 
L 
H 
L 
H 


zz 
crarsr Slo 
erzcnnnnle 


NC = No change 
t =LOW-to-HIGH transition 
X = Don't care Z =High-lmpedance 
Note: 1. When OE is LOW, the Y output will be in 
the same logic state as the Q output. 
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Am25LS2518 


8 
a 
pi 
a 
é 
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LENGTH 2 
CONTROL . 


ENABLE 


APPLICATIONS 


tis he f 
see | Hh souvent = 
Se 


Le 


Poff fe a LT 
ee 


QJ] Am25.S7518 


g 
a 
ps | 
a 
é 
4 
$ 


DATA 
BUS 


AF000701 


The Am25LS2518 used as display register with bus interrogate capability. 


S 
° 
vv 
° 
v 


OS] = Am251S2518 
Am25LS2518 


OF Fl 


The Am25LS2518 as a variable length (1, 2, 3 or 4 word) shift register. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential Supply Voltage 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcco max 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings. for extended periods may affect device 
reliability. 


siszsiscwy 


Military (M) Devices 
Temperature -55°C to + 125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Se aoe ee 
; Voc = MIN 
OOM, Ion =~26mA Sat eG MRE <a 


VOH 


HloL=4.0 mA = 4.0 HloL=4.0 mA ; 
Vor. | Output Low Voltage «| YOO= MIN [lay = 8.0mA nme 
io = 12m FraSaeRS UTAH 
Guaranteed input logical HIGH 
Vv Input LOW Level Guaranteed input logical LOW Volts 
n P voles for ei oe [7 ZS a 
input Clamp Voltage Voo = MIN, lin= -16mA oe | 
input LOW Current Voo = MAX, Vin = 0.4V Ce ae 
[lin | Input HIGH Current Voo = MAX, Vin = 2.7V it cee ha 
[| taput HIGH Gurrent Voo = MAX, Vin = 7.0V ot ee 
Oft-State (High-Impedance) |v yay Vo = 0.4V ee 
Output Current 02 Vo=24v ee 


Output Short Circuit Current a 
seen peep 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. |Icc is measured with all inputs at A. 5V and all outputs age 
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Am25LS2518 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


preston | _Seeerpboe | fit Coen Rit | Tilt iti 


SPL Clock Q; 
a eee 
) 
ee VE ie 

tpw Clock Pulse Width cea RE Soe aaa iakies a 
ee Be ce 
Data wees AS see 
== oe Bee 
Saas Ree a ee 
oS TREES Betas Ae fo ce 
“nna oe 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ty, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL MILITARY 
amass2518 | Am25.82518 
eg es PO po min | max | win | Ma 


Pea oes 0 Sree us LE 0 eal 

Se 

ae eer 
mez Doe et ee 

age ripe oon Treat aueemn Pee 

ae eae ee ee 

aa ea es (oa 

cae BSR 7 De aM 

fee ee eh HT ST a A 

ne are RR AN al NRE 

fg EY cc sme cue or 

ings [sn Gok Faery We a 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS2518 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Y DRIVING OUTPUT | Q DRIVING OUTPUT | ORIVEN INPUT 


etl 3 


oe Ts) 
| 
| 


Note: Actual current flow direction shown. 
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Am25L$S2519 


Quad Register with Two Independently Controlled Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Two sets of fully buffered three-state outputs 
‘® Four D-type flip-flops 

@ Polarity control on W outputs 

@ Buffered common clock enable 


@ Buffered common asynchronous clear 
@ Separate buffered common output enable for each set 
of outputs 


GENERAL DESCRIPTION 


The Am25LS2519 consists of four D-type flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements on the D inputs is 
transferred to the flip-flop outputs on the LOW-to-HIGH 
transition of the clock. Data on the Q outputs of the flip- 
flops is enabled at the three-state outputs when the output 
control (OE) input is LOW. When the appropriate OE input 
is HIGH, the outputs are in the high impedance state. Two 
independent sets of outputs - W and Y - are provided such 


that the register can simultaneously and independently 
drive two buses. One set of outputs contains a polarity 
control such that the outputs can either be inverting or non- 
inverting. 


The device also features an active LOW asynchronous 
clear. When the clear input is LOW, the Q output of the 
internal flip-flops are forced LOW independent of the other 
inputs. The Am25LS2519 is packaged in a space saving 
(0.3-inch row spacing) 20-pin package. 


6LSzSiszéwy 


BLOCK DIAGRAM 


OE-VY OE&-w 
OUTPUT ENABLE 


BD001320 


orm) L 
CLEAR POLARITY 


RELATED PRODUCTS 


Description 


Am25S18, Am2918 Quad D Register 
Am25LS2518 Quad D Register 


03660B 


9-95 Refer to Page 13-1 for Essential Information on Military Devices 


Am25LS2519 


CONNECTION DIAGRAM 
Top View 


CD001880 
CD001870 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


20 Voc 
CLR 
Do 1 POL 


Wo 
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DIE SIZE 0.083” x 0.099” 


| ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2519 D C B Valid Combinations 


L— Screening Option 
Blank - Standard processing 
B — Burn-in Am25LS2519 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D-- 20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 

P-20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type | determine if a device is currently available in the 


Quad D Register combination you wish. 
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PIN DESCRIPTION 


|_Pin No. [Name | 1/0 | Description 
| «dD «TL | Any of the four D flip-flop data lines. 


ee ee Clock Enable. When LOW, the data is entered into the register on the next clock LOW- a BN al transition. When 


HIGH, the data in the register remains unchanged, regardless of the data in. 


| 9 {CPs |__| Clock Pulse. Data is entered into the register on the LOW-to-HIGH transition. 


f Tae es ae Output Enable. When OE is LOW, the register is enable to the output. When HIGH, the output is in the high-impedance 


state. The OE-W controls the W set of outputs, and OE-Y controls the Y set. 


| Ys | Any of the four non-inverting three-state output lines. 
| WSS | Any of the four three-state outputs with polarity control. 


| 18 ~~~ {POL ~—+|_-O_| Polarity Control. The Wj outputs will be non-inverting when POL is LOW, and when it is HIGH, the outputs are inverting. 


| 19 ~~ ~+|CLR ~—|_=1__| Asynchronous Clear. When CLR is LOW, the internal Q flip-flops are reset to LOW. 


FUNCTION TABLE 


INTERNAL 


ae | oureurs 
ci oie] | So rou ewme hey |e oe ee 


Enabled 
Z 


Output Three-State Control X 


Z 
ie Enabled 


: NC Non-inverting Non-Inverting 
i Poly eee eae es Pee Rendering 
mnooomo (XE PETE TA TET EL t 


<< KK 

reralf 

ine 
af PAP GS 
QaQgag0 


TeLce 
Be! at Spe oe 


ee 
t X X X NC —— NC 
t t tL L L L L L L 
Clock Enabled t L L H L L L H L 
t H L L L L H H 4 
t H L H L L H L 


L=LOW X = Don't Care 
H = HIGH NC = No Change 
Z = High-impedance t = LOW to HIGH Transition 


APPLICATION 


DATA BUS 
RN AE A 


CONTROL 
INPUTS 


OTHER DISPLAY 
INPUTS 


Convenient Register Content Monitor or Test Point 
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Am25LS2519 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..............ceeeeeeeees -65°C to + 150°C Commercial (C) Devices 

Ambient Temperature Under Bias......... -55°C to +125°C Temperature... Take... ea 0°C to +70°C 

Supply Voltage to Ground Potential Supply Voltage .........:.cccsceccecdeeeees +4.75V to +5.25V 
(eg 6 a BRR ora 2 Re -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For > ° 
; . JUIN QUIN Forces cuersivevevecders -55°C to +125°C 
High Output State... seresereees 7O.SV.40: Fr Voc.max Supply Voltage .............. Laos PPOs RRO +4.5V to +5.5V 
DC Input Voltage eee ee ee ee -0.5V to +7.0V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ...............cceseeeeees 30mA ality of the device is guaranteed 
ice UT GETING <5 siesg cin se cos toaeee ss -30mA to +5.0mA : 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


MIL, qu =1.0mA x [x24 4 (34 fp 
COM'L, Ioy =-2.6mA 
lo. = 4.0 mA 
Vcc = MIN lo. = 8.0mA 
VIN = ViH_ oF ViL 
lo. = 12mA 


Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs 


Volts 


cere 
time 
CC aa eT 
Pee 


Volts 


Volts 


MIL 
Guaranteed input logical LOW a re 
input LOW Level voltage for all inputs. 


Eee eee 
Sa ee 
ae wes 
oa 
mee 
See e ee 
input Clamp Voiage | Voc=MIN, IN=-18mA SSS Vals 

input LOW Gurent_| Voo=MAX Vw=oav SSS 

input HIGH Curent | Voo=MAX,Viw=a7VSSSC—~sSSCSCS 

7 pe roth ore To] 

ee 

oe 

gene ea 

oS 


| | Input HIGH Current Voc = MAX, Vin = 7.0V 
Off-State (High-impedance) Ver = MAX 
Output Current cc 
Po ia Circuit Current Voc = MAX 
MIL 
Power Supply Current a pan 
bee abe COM'L 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


[Parameters | Description __| Test Conditions | Min_ | Typ | Max | Units 
Clock to Wi 


tPLH 
Clear to W; 
tPHL 


tPLH 


PHL Polarity to Wj 


C. = 15pF 


lear Ry = 2.0k2 


[ 


L 
Clock Pulse Width 


(e) 
i 


Data Enable 
Data Enable 


Set-up Time, Clear 
Recovery (Inactive) to clock 


O;9O 
2 |} 2 
awrlac 
©» | > 


Output Enable to W oF ¥ So 2 se 

oe ee 
Output Enable 1 W oF ¥ cae i 
Mosmun Cock Frowoncy Woe) | trac | % | | 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ts, pulse 
width or duty cycle. 


- 


ane 24 
NIN 


ZL 


& 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL MILITARY 


tPLH 
Clock to Yj 
tPHL 
tPLH Clock to Wj 
tPHL (Either Polarity) 
tPHL Clear to Yj 
tPLH 
t Clear to Wj 
PHL 
au Polarity to W 
olarity to Wj 
PHL ee 
Clear 


LOW 


Clock HIGH 


Data 
Data 
Data Enable 
Data Enable 


Set-up Time, Clear 
Recovery (Inactive) to Clock 


Output Enable to Wj or Yj 


tZL pit Enable 19 Woe Yi | 
CL = 5.0pF 
Output Enable to Wj or Yj Ac™ oon 
Maximum Clock Frequency Cy. = 5.0pF 
(Note 1) Ry = 2.0k2 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2519 © 


Am25LS2519 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS . 


DRIVING OUTPUT DRIVEN INPUT 


IC000090 


Note: Actual current flow direction shown. 
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Am25L$S2520 


Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 


@ Buffered common clock enable input @ 8-bit, high-speed parallel register with positive edge- 
@ Buffered common asynchronous clear input triggered, D-type flip-flops 
@ Three-state outputs @ Am25LS Family offers improved sink current, source 


current and noise margin 


GENERAL DESCRIPTION 


The Am25LS2520 is an 8-bit register built using advanced When the output enable (OE) input is HIGH, the Y outputs 
Low-Power Schottky technology. The register consists of are in the high impedance (three-state) condition. This does 
eight D-type flip-flops with a buffered common clock, a not affect the internal state of the flip-flop Q output. 
buffered common clock enable, a buffered asynchronous 

clear input, and three-state outputs. The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 


When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates 
in the normal fashion. 


When the three-state output enable (OE) input is LOW, the This device is packaged in a space-saving (0.4-inch row 
Y outputs are enabled and appear as normal TTL outputs. spacing) 22-pin package and in a 24-pin flatpack. 


DIAGRAM 


BLOCK 


CLOCK 
ENABLE 


OUTPUT 
ENABLE 


Y7 


-BD001310 


Octal D Registers 


03698B 
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Oeszes 1scwy 


Am25LS2520 


CONNECTION DIAGRAM 
Top View 


D-22, P-22 


CD001910 


Note: Pin 1 is marked for orientation 
*Reserved — do not use. 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 


CLR 1 22 Vcc 


2 


Oye 


|| 


a 


“I = 
i 


F z es Te. As 


a 


DIE SIZE 0.080” x 0.111” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am25LS2520 D Cc B 
a Screening Option 
Blank - Standard processing 
B - Burn-in 


Am25LS2520 


Temperature (See Operating Range) 
C —Commercial (0°C to +70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 22-pin CERDIP 

F-—24-pin flatpak 

L-28-pin leadless chip carrier 
P—22-pin plastic DIP 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Octal D-type Flip-Flop combination you wish. 
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PIN DESCRIPTION. 


1/O | Description 
The D flip-flop data inputs. 


When the clear input is LOW, the Qj outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 
data can be entered into the register. 


See Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 


BS 
3 
Ls] 
a 
” 
NO 
oO 
id 
oO 


The register three-state outputs. 


Clock Enable. When the clock enable is LOW, data on the D; input is transferred to the Qj output on the LOW-to-HIGH 
clock transition. When the clock enable is HIGH, the Q; outputs do not change state, regardless of the data or clock 
input transitions. 


Output Control. When the OE input is HIGH, the Y| outputs are in the high impedance state. When the OE input is 
LOW, the TRUE register data is present at the Yj outputs. 


FUNCTION TABLE 
| inputs | internat [outputs | 


ae eee ary Ee Ba Se 


Clear L ae 
L L 


NC 
NC 


Load 
: 
L 
L 


H = HIGH t = LOW-to-HIGH Transition 
L=LOW X = Don't Care 
NC = No change Z = High-impedance 
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Am25L$2520 


APPLICATIONS 


16-B1T DATA BUS 


8 8 
8 OTHER 


8 
4 


Am2909 Am2909 


Am2909 


MICROPROCESSOR 
SEQUENCER 


12 


MICROPROGRAM 
MEMORY PROM ARRAY 
8 8 8 8 
Am25LS2520 Am25LS2520 Am25LS2520 Am25LS2520 
PIPELINE 8 8 
REGISTER . 
Am25LS2520 Am25LS2520 Am25LS2520 


56-BIT PIPELINE REGISTER 
AF000670 


A typical Computer Control Unit for a microprogrammed machine. 


ADDRESS BUS 


8 
: 


V/O DEVICE #1 1/0 DEVICE #2 


AFO00660 


The Am25LS2520 is a useful device in interfacing with the Am9080A system buses. 
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ABSOLUTE MAXIMUM RATINGS : OPERATING RANGES 


Storage Temperature ......................00e -65°C to + 150°C Commercial (C) Devices | 

(Ambient) Temperature Under Bias ....... -55°C to +125°C SN ehh no knees 0°C to +70°C | 

Supply Voltage to Ground Potential SUDO NOUNGG 63.2. oso eke ce +4.75V to +5.25V 
COGOUIID 5 ioe oases cca Seni cckede feos -0.5V to +7.0V 


Military (M) Devices 


DC Voltage Applied to Outputs For ° ° 
: FORMIOCRUNG soo ii cicssaecaene, -55°C to +125°C 
High Output State... eee. =0.5Vto + Voc max Suse VONGQO oo5 soci crs ccccscisdleeites +4.5V to +5.5V 
DC input’ Voliete:<oc3n eees -0.5V to +7.0V Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs .............cccceceseeeee 30mA ality of the device is guaranteed 
DG 2p Cine eee ee ee -30mA to +5.0mA pit 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


lo. = 4.0 mA 
Voc = MIN 
art LOW Volege Mea Vin, or Vit lo. = 8.0mA 
Input HIGH Level sn apn rg a HIGH 
input (og es Sa 
Guaranteed input logical LOW 5 See 
nec ae vliage fr all np [so 


Vou Output HIGH Voltage Voc = MIN ee Volts 
: ae oe ae ee 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open, E = GND, Di inputs = CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 
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OcseS 1Ssculy 


Am25LS2520 


; 
SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


[Parameters | __Description __| Test Conditions | Min | Typ | _Max__| Unite _ 
P| sineiee Blumer ea 


suites baal i Gis baa 

Ma We a Ga 
te Data) Pera | ee | 
Data (0) Pe re ee 
ht | aie a ee 
es a, Sah pe ee 
te | lear Recovery (inactive) to Glock oe (ities AE: eee? aa erate Bane), SE 
a cea Ras nat ae ee 
_ Sea Ce eee ee eee 
Semana ea Sana coe es MA 
5 ST A SERENE IN: ASU LT OSI” 7 

aoe. AC ee a 

esas ao: Maida Sooke Gregueney (Nolet of 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ts, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL MILITARY 
Parameters Description __| Test Concitions|__win | Max | Min | Max 


aa Saar ne aes or a 
bok 10.1 OE LOM 
Cte [Clear to V 


SEG ok: emer 


Enable (E) Inactive CL = 50pF 
AL = 20K0 
tow 


Clear Recovery (in-Active) to 
Clock 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2520 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Oeses 1Sscwiy 


ICO00090 


Note: Actual current flow direction shown. 
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Am25LS2521 


Am25L$2521 


Eight-Bit Equal-to Comparator 


DISTINCTIVE CHARACTERISTICS 


@ 8-bit byte oriented equal comparator 
® Cascadable using Ejn 
@ High-speed, Low-Power Schottky technology 


@ tog A * B to Eour in 9ns 
@ Standard 20-pin package 


GENERAL DESCRIPTION 


The Am25LS2521 is an 8-bit ‘equal to’’ comparator 
capable of comparing two 8-bit words for ‘equal to'' with 
provision for expansion or external enabling. The matching 
of the two 8-bit inputs plus a logic LOW on the Ejn 
produces an active LOW on the output Eour. 


The logic expression for the device can be expressed as: 
Eout = (Ao © Bo) (Ai © By) (Az © Ba) (Ag © Bg) (Ag © Ba) 


(As © Bs) Y(A6 © B6) (A7 © B7) Ej. It is obvious that the 
expression is valid where Ag - A7 and Bo - B7 are 
expressed as either assertions or negations. This is also 
true for pair of terms i.e. Ag can be compared with Bo at the 
same time A; is compared with By. It is only essential that 
the polarity of the paired terms be maintained. 


BLOCK DIAGRAM 


RELATED PRODUCTS 


Description 
Am29806 | Chip Select Decoder 
Am29809__| 9-Bit Comparator 


03619B 


9-108 Refer to Page 13-1 for Essential Information on Military Devices 


CONNECTION DIAGRAM 
Top View 


CD001610 


Note: Pin 1 is marked for orientation 


18 17 115 14 13 12 11 


LS000530 


DIE SIZE 0.068” x 0.058” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2521 D Cc B 
| be Screening Option 7 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M -Military (-55°C to +125°C) 


Package 

D-20-pin CERDIP 

-F-20-pin flatpak 

L-20-pin leadless chip carrier 
P—20-pin plastic DIP 

X- Dice 


Valid Combinations 
PC 


Am25LS2521 


Valid Combinations 
Consult the AMD sales office in your area to 
8-Bit Equal-to-Comparator determine if a device is currently available in the 
combination you wish. 


Device type 
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Am25LS2521 


EQUAL output active LOW. 


Ee a 
ee ee eee eee 
Te a a a ee ee 
ae ce 


MICROPROCESSOR ADDRESS BUS 


APPLICATION 


MAX, ENABLE (HIGH-to-LOW) DELAY 
OVER 16-BITS 
(Commercial Range) 


AOORESS SELECT 
ENABLE TERM 


WRITE ENABLE 
READ ENABLE 
OR BOTH 


Note: This part does not have internal pull up resistors. In this application external pull ups should be added 
to the 16 ports. 


MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias -55°C to +125°C Temperature 
Supply Voltage to Ground Potential Supply Voltage 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcc max 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


> 
3 
x 
on 
234 
” 
N 
ni 
N 
evel 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


: 
SEAS See ee 


lo. = 4.0 mA 


AL NAAM aA I IR WE fe 
Radom VIRUS | 


Guaranteed input logical HIGH Volts 
voltage for all inputs 

OE SORE SS Lee Se ewan Sie s a 
voltage for all inputs. {Set Se es 


Voc = MIN 
Vin = Vinw OF Vi 


eel CSc By ane SGN Ne ee 
Le a 
epee pe eee | 
mmiont, pues see gS tat 
ftmcen. hlereeecrs et 
FC 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. E=GND, all other inputs and outputs open. 
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Am25LS2521 


SWITCHING CHARACTERISTICS (Ta = +25°C, Voc = 5.0V) 


Description Test Conditions | Min | Typ | Max | Units _ 
a P| ics be 
goes Soe ee ee | 
a eign Ae hg 
he ee 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified’ 


Parameters Description Test Conditions 


Aj or Bj to 
tPHL Equal Output Cy = 50pF 
tPLH Re = 2.0k2 


= 
cS 
= 
> 
av 
~< 


~—- - 
£\2/2\8 
aig = 


E to Equal Output 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS2521 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


'OH | Ne 


lou 


1C000180 


Note: Actual current flow direction shown. 
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Am25LS2535 


Eight-Input Multiplexer with Control Register 


DISTINCTIVE CHARACTERISTICS 


High speed eight-input multiplexer 

On-chip Multiplexer Select and Polarity Control Register 
Output polarity control for inverting or non-inverting 
output 

Common register enable 


@ Asynchronous register clear 

@ Three-state output for expansion 

@ Am25LS features improved noise margin, higher drive, 
and faster operation 


GENERAL DESCRIPTION 


The Am25LS2535 is an eight-input Multiplexer with Control 


Register. The device features high speed from clock to 
output and is intended for use in high speed computer 
control units or structured state machine designs. 


The Am25LS2535 contains an internal register which holds 
the A, B, and C multiplexer select lines as well as the POL 
(polarity) control bit. When the Register Enable input (RE) is 
LOW, new data is entered into the register on the LOW-to-. 
HIGH transition of the clock. When RE is HIGH, the register 
retains its current data. An asynchronous clear input (CLR) 
is used to reset the register to a logic LOW level. 


The A, B and C register outputs select one of eight 
multiplexer data inputs. A HIGH on the Polarity Control flip- 


flop output causes a true (non-inverting) multiplexer output, 
and a LOW causes the output to be inverted. In a computer 
control unit, this allows testing of either true or complemen- 
ted flag data at the microprogram sequencer test input. 


An active LOW Multiplexer Enable input (ME) allows the 
selected multiplexer input to be passed to the output. When 
ME is HIGH, the output is determined only by the Polarity 
Control bit. 


The Am25LS2535 also features a three-state Output En- 
able control (OE) for expansion. When OE is LOW, the 
output is enabled. When OE is HIGH, the output is in the 
high impedance state. 


BLOCK DIAGRAM 


9-113 


BD001620 
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Am25LS2535 


CONNECTION DIAGRAM 
Top View 


CD001920 


: Pin 1 is marked for orientation 


LOGIC SYMBOL 
METALLIZATION AND PAD LAYOUT 


1 #19 18 17 14 13.12 11 B 6 
cP 7 


Dg Dy Oz D3 Og Dg Dg Dy 


t 
[2 
u 


ie 
1S 
S 


| 
= ~ 
cs pbboanes 


DIE SIZE 0.080” x 0.099” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2535 D Cc B Valid Combinations 


L_ Screening Option 
Blank — Standard processing : 
B - Burn-in Am25LS2535 
Temperature (See Operating Range) 
C —Commercial (0°C to +70°C) 


M - Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
8-Input Multiplexer combination you wish. 
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PIN DESCRIPTION 


CC Oe ee ee Multiplexer Select Lines. One of eight multiplexer data inputs is selected by the A, B and C register outputs. 


2 Re ml ae Polarity Control Bit. A HIGH register output causes a true (non-inverted) output and a LOW causes the output to be 
inverted. 


Multiplexer Enable. When LOW, it enabled the 8-input multiplexer. When HIGH, the Y output is determined by only the 
Polarity Control bit. 


Register Enable. When LOW, the Multiplexer Select and Polarity Control Register is enabled for loading. When HIGH, 
the register holds its current data. 


Clear. A LOW asynchronously resets the Multiplexer Select and Polarity Control Register. 
Data Inputs to the 8-input multiplexer. 


7 CP Clock Pulse. When RE is LOW, the Multiplexer Select and Polarity Control Register changes state on the LOW-to- 
HIGH transition of CP. 


Output Enable. When LOW, the output is enabled. When HIGH, the output is in the high-impedance state. 
The chip output. 


FUNCTION TABLE 


INPUTS INTERNAL INPUTS OUTPUT 
fama wale fo 


eee ae . RE CI 
Reg. Disable X X X xX H H x 
Select L L L L/H L H t 
(Multiplex) L L H 

i H L 

L H H 

H a L 

H L H 

H H L 

H H H 

xX X Xx xX x H xX 


Multiplexer 
Disable 
Tri-state 

Output X H Z 
Disable 


NC = No Change 
X = Don't Care 


Note 1: The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop. 


x< 
x< 
x< 
x< 


03697B 
9-115 Refer to Page 13-1 for Essential Information on Military Devices 
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Am25LS2535 


INSTRUCTION 


INPUTS 
FROM PIPELINE 
REGISTER 


TEST 
INPUTS 


APPLICATION 


OUTPUTS 
ml 


MICROPROGRAM 
MEMORY 


OUTPUTS 


i) 0, 


Am25LS175 
PIPELINE REGISTER 
% 4 4, 


ovr oanek wnd wa 


oF ins So UNCONDITIONAL hee ase 
ME 


=e 


A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 


Am25LS2535 


AF001980 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .............:s:eeeeeeees -65°C to + 150°C 
(Ambient) Temperature Under Bias....... -55°C to +125°C 
Supply Voltage to Ground Potential 

CA SUONIR 52S cis vas | di co nee bdeeeeetnees -0.5V to +7.0V 
DC Voltage Applied to Outputs For 

High Output State ....................... -0.5V to +Vcoc max 
Per SN WIC coc cav iret akipeg seen pases -0.5V to +5.5V 
DC Output Current, Into Outputs ..........0...00. ee 


OPERATING RANGES 


Commercial (C) Devices 
UE MUEO: St cies Rema ghstaa nd cebades 
ROUEN -V ONG. 6 cain seve caaviapreatsiecs 


Military (M) Devices 
TORI 5 os oak pss <s  sptgy canine eka -55°C to +125°C 
SUNT WONUNIO oii. c sss ncksis treiziecistes +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


ni UO ices dent emery verrenys / 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum. ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


pia aati ides Vedemin | LM Noe =20mq | eee 
: : ViN= Vin Of Vi | COML Ion=-65mA | 24 | 82 | 
ee ee ee 


Volts 


Voc = MIN 


Vor _| Output LOW Vottage Woo“ MIN, [loL=8.0mA Cea ales Sa 
io. = 20mA PHTEIGST SARA: Mbit: 
Guaranteed input logical HIGH 
pees See OE 
P voltage for all inputs. a tt a ee 
a input Clamp Voltage Voo = MIN, liy = ~ 18mA ee Se eee 
Input LOW Current Voc = MAX mar mA 
ue rece aoe ei Sa a igor ; 
input HIGH Current Voc = MAX pA 
ViN=2.7V___ [On A,B, C, POL, OP, CIR occa oe es = oes se 
Input HIGH Current VCG BMAX SS mA 
pu Vsti | [AB GPOLCOR |, | | ta 
Off-State (High-Impedance) See eee 
Output Curent ae ae 
Output Short Circuit Current 
(Note 3) 
Power Supply Current 
(Note 4) 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Dy-D7, A, B, C, POL, ME, CLR at GND. All other inputs and outputs open. 
Measured after a momentary ground then 4.5 V applied to clock input. 
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Am25LS2535 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) a 


Description Test Conditions | min | Typ | Max__| Units _ 


= Clock to Y PO LOW 
—— 
aH Clock to Y POL - HIGH 
leat 8 
Bo aes Shes 
as 
ane 
epee RL = 2.0k2 
ed ee 
: ME to Y 
Bae Sak ee 
a 2a ee be oe 
2H Pa eee 
os a i OO A 
tHz RSS ee ee 
A, B,C, POL a a ee 
Pact ney ati PO ee ae 
eo 11 Sides eB | Beeas | PEpeemnl phat) be 
Clear (LOW) 2s eee eS 
ao ee ERs SUSE SARs Ree ae Re eee 


COMMERCIAL MILITARY 
Parameters | Description Test Conditions | Min | Max ee 
ae ont 


tPLH 
t Clock to Y, POL-L 
PHL 
tPLH 
t Clock to Y, POL-H 
a ot ee oe aes 
tPHL 55 C. = 50pF 


Ru = 2.0k2 
tPLH 


' LRtoY © 
fag 
t 
to Y 
Crna is 
A, B, C POL 
rts | CLR Recovery 


Clear (LOW) 
ei ABC: POL, AE 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


C. = 50pF 
Ry = 2.0k2 
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Am25LS2535 | 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


ORIVING OUTPUT DRIVEN INPUT 


SEScs 1ISscwiy 


Note: Actual current flow direction shown. 


RELATED PRODUCTS 


Description 


Am2922 8 Input Multiplexer 
Am2923 8 Input Multiplexer 
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Am25LS2536 


Am25LS2536 


Eight-Bit Decoder with Control Storage 


DISTINCTIVE CHARACTERISTICS 


@ 8-bit decoder/demultiplexer with control storage 
@ 3-state outputs 
@ Common clock enable 


@ Common clear 
@ Polarity control 
@ Advanced Low-Power Schottky Process 


GENERAL DESCRIPTION 


The Am25LS2536 is an eight-bit decoder with control 
storage. It provides a conventional 8-bit decoder function 
with two enable inputs which may also be used for data 
input. This can be used to implement a demultiplexer 
function. In addition, the exclusive ''OR" gate allows for 


The three control bits representing the output selection and 
the single bit polarity control are stored in ''D'' type flip- 
flops. These flip-flops have both Clear, Clock, and Clock 
Enable functions provided. The G; and Go input provide 
either polarity for input contro! or data. 


polarity control of the selected output. The 3-state outputs 
are enabled by a LOW on the (OE) output enable. 


BLOCK DIAGRAM 
8-Bit Decoder/Demultiplexer with Control Storage 


Base ae 
ttt] 
. 


J 9088 880: 


OO UOC 


BD001630 


Part No. 


Description 
1 of 10 Decoder 
1 of 8 Decoder 


Am2924 


03666B 
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CONNECTION DIAGRAM 
Top View 


CD001930 


9eseSs1scwy 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


CER 


20 Vcc 


Gy 


DIE SIZE 0.084” x 0.099” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2536 D Cc B 
— Screening Option 
Blank -— Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to +70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 20-pin CERDIP 

F-20-pin flatpak 

L-20-pin leadless chip carrier 
P—20-pin plastic DIP 

X- Dice 


Device type 
8-Bit Decoder 


9-121 


Valid Combinations 


Am25LS2536 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


03666B 


Refer to Page 13-1 for Essential Information on Military Devices 


Am25LS2536 


PIN DESCRIPTION 


Pee Clear. When the CLEAR input is LOW, the control register outputs (Qa, Qp, Qc, Apo.) are set LOW regardless of any 
other inputs. 


: Ba so eR eo te Clock. Enters data into the control register on the LOW-to-HIGH transition. 
Clock Enable. Allows data to enter the control register when CE is LOW. When CE is HIGH, the Qj; outputs do not 
change state, regardless of data or clock input transitions. 
a6, 6 |AB.C } TE Inputs to the control register which are entered on the LOW-to-HIGH clock transition if CE is LOW. 


= Se | 5 res Se Input to the control register bit used for determining the polarity of the selected output. 


et Active LOW part of the expression G = G; © Go where G is either data input for the selected Y,, or is used as an input 
enable. 


ag Active HIGH part of the expression G = G1Go. 


Se | le 


The three-state outputs. When active (OE = LOW), one of eight outputs is selected by the code stored in the control 
register, with the polarity of all eight determined by the bit stored in the POL flip-flop of the control register. The 
selected output can further be controlled by G according to the expression YseLEcTED = G © Opo.. 


Output Enable. When OE is HIGH the Y, outputs are in the high impedance state; when OE is LOW the Y,'s are in 
their active state as determined by the other control logic. The input affects the Y, output buffers only and has no 
effect on the control register or any other logic. 


= 
Registers Three-State Outputs 

Mies ewe “Pies o Li-HaoH H HE H HH 
L :: eee ke 


L 


Me ace cae foe oe a ak ae ha eee 
Me SO te et Ce ae te ae 
Cera teotriotcie LCI 
Fe Soe eae Ta el ee pe oe aps allpo we: oa caf: eds allen 2 
Bina ke ae a eet et te et ee 
SUN ened ake: ok Gh oda ake ake Ue Aa Gee Pp 
Gh Reid iis abs detest eke ete oh ee en ee 
Sit ba we ao wt tee Coe er 
Welt a ee ke eee are 
tweet ae oe eat tone ee 
Beet Lae LeeLee oer 
fer tse TTT re cer 


NC = No Change X = Don't Care Z = High-impedance t = Low-to-High Transition 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65°C to +150°C 

Ambient Temperature 
Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 


-55°C to +125°C 


-0.5V to +7.0V 


-0.5V to +Vcc max 
-0.5V to +7.0V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -—55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


> 
a 

x) 
on 
cag 
n 
N 
oi 
9 
® 


DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 2) ag (Note 1) ae 
< a lon =-26mA, COML | 24 | 32 | 
: : VIN=Vin or Vi _[lon=-1.0ma, ML | 24 | 34 |_| 
Fe Voc = MIN flon=24mA, come =| | 4 | 
d : VIN=ViW orVi _[lor=t2mA ML | ——s«| =| 

Guaranteed input logical HIGH 

: MIL 
Guaranteed input logical LOW Ce 
we re et oo voltage for all inputs. 


Volts 


Voc = MAX, Vin = 0.4V 
Voo= MAX, Vin = 2.7V | 
Voc = MAX, Vin = 7.0V 


Off-State (High-impedance) | _ gyay Vo. =.0.4V 
Output Current cc Vo = 2.4V 
Output Short Circuit Current mS 
(Note 3) Vee e ax 
Power Supply Current Ss 
Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test Conditions A = B = C = G; = = CE = GND; CLK = CLR = POL = Go = 4.5V. 
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Am25LS2536 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Description Test Conditions [re [ei 
Ene 


PH G; to Yo - Y7 


Pa Goto Yo - ¥ 
eee seep LF 
CP to Yo - Y 
NE O eaee 
“a Lo to Yo - Y 

= Sa eae 


Clock Enable to CP 


4 QRS tebe 


>: eee eC Te Bee (a SS 
fe... eet Tel oe ERE Sake oe re 
= Pe ee 
Fe Ya ~ Ya ee a es eeareneith Core r e “ree 

ae ae | een) poe 
Se ee 
Fie [Pe ah apg rs, Sa RT 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


amas.sasse | __AmBoasoe 
een ae a. Se Ree es 
ee | 


tPLH 
Mpc io ase oe to Yo - Y7 
tPLH 
ig. aaa ee a Pe to Yo - Y7 


ee 
CLR to Yo - Y 
ae ae 
— Clock Enable to CP 
Pe]... POL or a Ser 
“ae 17 Se See 
A wit <1 ee ee 
ee oy ee 5 va. a! Seed ed ees: ee; Met Sens ees Sores.” RS 
pe We See Pewee oe) ee 
ee OE to Yo - Y7 ees So eee 
Mg [Setup Time, Clear Recovery to OP ee ee ae 
Sa ee See 
tow ea pa Seas, Seem 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2537 


One-of-Ten Decoder with Three-State Outputs and Polarity Control 


@ Three-state outputs 
@ Separate output polarity control 
@ inverting and non-inverting enable inputs 


The Am25LS2537 is a demultiplexer/one-of-ten decoder 
that accepts four active high BCD inputs and selects one- 
of-ten mutually exclusive outputs. The device features 
three-state outputs as well as a buffered common polarity 
control such that the outputs are mutually exclusive active- 
low or mutually exclusive active-high. The logic design of 
the Am25LS2537 ensures that all outputs are unselected 
when the binary codes greater than nine are applied to the 
inputs. The inputs A, B, C, and D of the Am25LS2537 
correspond to the respective binary weight of 1, 2, 4, and 8. 


The output enable (OE) input controls the three-state 
outputs. When the OE input is HIGH, the outputs are in the 


iiemiieniinih 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


high-impedance state. When the OE input is LOW, the 


BLOCK DIAGRAM 


@ Does not respond to codes above nine 
@ A.C. parameters specified over operating temperature 
and power supply ranges 


outputs are enabled. The polarity (POL) input is used to 
drive the Y outputs to either the active-HIGH state or the 
active-LOW state. When the POL input is LOW, the outputs 
are active-HIGH. When the POL input is HIGH, the Y 
outputs are active-LOW. The device features one active- 
HIGH and one active-LOW enable input which can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. 


The Am25LS2537 is packaged in a space saving (0.3-inch 
row spacing) 20-pin package. The device also features 
Am25LS family faster switching specifications, higher noise 
margin, and twice the fan-out over the military temperature 
range when compared with Am54LS/74LS devices. 


TUM Ty : 
a eae s 
BBs li aie 3 


tof a See 


Sg 


Stee | ae 3 es 
Ces 5 ee ea ae 
ee 


RELATED PRODUCTS 


9-125 


Sees See es 


BD001330 
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CONNECTION DIAGRAM 
| Top View = 


Note: Pin 1 is marked for orientation 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2537 D C B 
L— Screening Option 
Blank — Standard processing 
B — Burn-in Am25LS2537 
Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F-20-pin flatpak 

L-20-pin leadless chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 


1-of-10 Decoder combination you wish. 
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PIN DESCRIPTION 


|_Pin No. [Name | 1/0 | Description 
6, 7, 16, 17 |A, B, C, D ae To select inputs to the decoder. 


2 eS | (ee The active-LOW enable input. A HIGH on the E7 input inhibits the decoder function regardless of any other inputs. 


The active-HIGH enable input. A LOW on the E2 input forces all the decoder functions to the inactive state regardless 
of any other inputs. 
POL 


The polarity control for the output function. When the polarity control is HIGH, the outputs are active-LOW. When the 


POL input is LOW, the outputs are active-HIGH. 


Output Enable. An active-LOW three-state control used to enable the outputs. A HIGH level input forces the output to 
the high-impedance (off) state. 


Ty, 0 | Decoder outputs, The ten outputs of the decoder 


FUNCTION TABLE 


INPUTS OUTPUTS 


5 ae ee a 

aa oe | ei | e2|pou| o | c | 8 | | vo| vs | vo| vs | va| Ys | Yo | vr Yo | Yo 

ie I ee expe eee eee eee 
L H x L X X X X L i: L L L L L L i 8 


Disable 


Active-HIGH Output 


pA eee peel oes non one eet eee os Boe oe eee ed Bek eat, WS te 


Active-LOW Output 


Se a ae oe ale tt ie Gd ek eo es ae fa Ne eee pee ie Pk Erbe tech) be aoe i ee 


Ss Se ae ee ee eer ek oe Ceo Se te Cee ie i ee ee Bee ake 
i Ooh wks sete en ae Tes OAS mei oh Nias Os MARS mite wales cakes oA AY ale cal ce aed lls oo ects FA ell orl aes aa eats, Para ates sal IE SM) goes 8 


Seer rer ee ee eoe ee Cee ee eee eo oe Eee eee 
reed watt gals ced att sok cl oh pak sah acl wets mat eel ea weak (8 ra) cane) mygel Sage ouch mace IRN ie See ee ek wee al are cece pene (WP <P oh 
ss abe ail lg gn rate adi ee Re Oe pct eh cee anal ges aad PP? ER he ae bene HL, tale Oh Sd al ach ca ue Be MN SAD, ny) OPE > OS 
pe mes ie oa AY gee coe ge aah: igs eae chub et) alll woolly roa ape UF cgear AO IRE CON ce et amas a CS Ca wallow pil! woe parila Uae > a 
eee a ara er ee Se aoe oe a em on oe 
Sr re ea ea ae ee ae oe ee ee ek oe ee ge at em eS 
ca sa i vag ep hes cafes cen wepra wages watt Wa eg: goo Ysa wd! seo et ool ae wo oP h elle wes a weal pore en rhe picies Neg bayer” a7) oe oy SE 
eS ee ee a ec ee ir ees ee ema eas a 
ri ite wibe afc alee eer cits cic: Wes ces mig ets elie Oa pls Ce Hh Mt cas soe cea pode roll cats tks ac sa ma ee oe me OS poo ga GY Oe maak 
Bs cite fhe calc a hte agin libs aide efter alia rel AY gee sbe ate gers Oe A mah moe wos vl ed mad areal rede poo) vedi eae UG oe mand ocr! PP OE ae we 
se etidee win ska be ween cen eles mil: es RS. Sh emai ces Ba aie a) oa el ca ner veel panels aa we eM Cerda Ce nara! oan case og A A gage © 
ys ces abe sag ces As ein ways: ade CA el py ashe miles ae le eNO el ea oat aan eR ae rae ell og sede SY rat mae eee rte eal GOR OSE pp) = 
re as ies abe, adhe ies ch es es Ces: eel pp Als ee ier i Oe OS i all wl oa wa oa etl een eee ember 8 ame a Line a mia, La Gy vaea 8g 


X = Don't Care 
Z = High-impedance 
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_ APPLICATIONS 


POL Am25LS2537 POL Am25LS2537 


Yo Y1 Y2 ¥3 ¥4 Yg Yg ¥7 Yg Yq 


11.12 13 14 15 16 17 18 19 20 


POLARITY 
AF000751 


One-of-Twenty Decoder with Active-High or Active-Low Output Polarity. 
Could be used for I/O Decoding in an Am9080A system. 


THUMB-WHEEL 
SWITCH 


Am25LS2537 
om NOW bk OH DN O&O O 


POLARITY 
CONTROL 


AF000741 


BCD to Decimal (One-of-Ten) Decoder. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature .....................005. -65°C to +150°C Commercial (C) Devices 
(Ambient) Temperature Under Bias....... -55°C to + 125°C Temperature ................ Bee cidvie ne si vias 0°C to +70°C 
Supply Voltage to Ground Potential BUDDY VORAGO 05 cori en cpen bec cceies ani +4.75V to +5.25V 
TMPPAIOEIN 6 oo caso cdcaces sok jie avs es dseiees -0.5V to +7.0V =. 
DC Voltage Applied to Outputs For meety Al ees = - 
TONIIONOUNG 555d ois ctu -55°C to +125°C 
High. Ouiput-State v.53..00 enc -0.5V to +Vcoc max Ginoly Vow +45V to +5.5V 
DG-input- Vollege-c.55sc.ciiices ec cccresers -0.5V to +7.0V sie Oe 3, EE ee ee ie ec 
CIES Epi bse Se Sees : : Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs .............cceeeeeeeees 30mA ality of the device is guaranteed 
BO AU NGI cea nnatnnnxsensinsncnnaass -30mA to +5.0mA 9 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


V Output HIGH Voltage Voc = MIN iE ees ew Oe ee ee a Se Volts 
- 0 Vin = Vin or Vit COML Ion=-26mA |: 24 [| 84  -[ {| 


io. = 40 mA Sau 2d I 
Output LOW Voltage Voc = MIN Ini = 8.0mA 
(Note 5) VIN Vin or Vy HORTON Ana cee Ee 
o> 


es Ed Beek ce 
Guaranteed input logical HIGH 
0.7 


; — een 
c P voltage for all inputs aa 
input Clamp Voltage Voc = MIN, inn= = 18mA a ee 
input LOW Current Voo= MAX, Vin = 0.4V cama Se Sse os 
Ty] input HIGH Current Voo= MAX, Vin=27V a ee 
Tf Input HIGH Curent Voo = MAX, Vin = 7.0V Co ee ee 
Off-State (High-Impedance) i ax Vo = 0.4V 22 ee RITES GS, ek ms 
Output Current Sug Vo = 2.4V ae | open ne 
Output Short Circuit Current ra 
tc | how's voo= MAX OR EE Be Re ES 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A= B =C =D =E1 = GND; E2 = POL = OF = 4.5V. 

5. Vox is specified with total device Io, = 60mA (max). 
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re ~“YARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 
G | Sees 


A A,B,C, DtoY; 
7 
; E7 to Yj 
7 
A 
/t2H 
ro OE Control to Yj 
=a = bonF 
ee Au = 2.00 


COMMERCIAL MILITARY 
Am25LS2537 Am25LS2537 
Parameters Description 


St A, B, C, D to Yj 
fea Ja 6 8 


Or iaiaar ng Mec] 
ae See Se Re “et 
ee ee 


C. = 15pF 
Ri = 2.0kQ. . 


Test Conditions 


ee) 


ig i CCE Baer 
sees Ra RL = 20K 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2538 


One-of-Eight Decoder 
with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 


@ Three-state decoder outputs 
@ Buffered common output polarity control 
@ Inverting and non-inverting enable inputs 


e@ A.C. parameters specified over operating temperature 
and power supply ranges 


GENERAL DESCRIPTION 


The Am25LS2538 is a three-line to eight-line decoder/ 
demultiplexer fabricated using advanced Low-Power 
Schottky technology. The decoder has three buffered 
select inputs—A, B, and C-that are decoded to one-of-eight 
Y outputs. Two active-HIGH and two active-LOW enables 
can be used for gating the decoder or can be used with 
incoming data for demultiplexing applications. 


A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 
separate active-LOW output enables (OE) inputs are pro- 


vided. If either OE input is HIGH, the output is in the high- 
impedance (off) state. When the POL input is LOW, the Y 
outputs are active-HIGH and when the POL input is HIGH, 
the Y outputs are active-LOW. 


The device is packaged in a space saving (0.3-inch row 
spacing). 20-pin package. It also features Am25LS family 
improved switching specifications, higher noise margin, and 
twice the fan-out over the military temperature range when 
compared with Am54LS/74LS devices. 


BLOCK DIAGRAM 


One-of-Eight Decoder 
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Am25LS2538 


RELATED PRODUCTS 


Part No. 


Description 5 
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CONNECTION DIAGRAM 
Top View 


8EScS IScuy 


CD001970 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


Y2 Vec 


Y1 1) 


Yo Y4 
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ae 
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Uti Cit: 


DIE SIZE 0.081” x 0.096” cs 
ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2538 D Cc B 
nee Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
1-of-8 Decoder combination you wish. 
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ay 


PIN DESCRIPTION 


6, 7, 17 AB, Cf The three select inputs to the decoder/demultiplexer. 


SC aes (ee The active LOW enable inputs. A HIGH on either the E; or Eo input forces all decoded functions to be disabled. 


See oe Se The active HIGH enable inputs. A LOW on either the E3 or E4 input forces all the decoded functions to be inhibited. 


POL Polarity Control. A LOW on the polarity control input forces the output to the active-HIGH state while a HIGH on the 
polarity control input forces the Y outputs to the active-LOW state. 


Output Enable. When both the OE; and OE» inputs are LOW, the Y outputs are enabled. If either OE; or OEd input is 


HIGH, the Y outputs are in the high-impedance state. 


| = Ss«dLYY,=sd| S| The eight outputs for the decoder/demultiplexer. 


FUNCTION TABLE 


INPUTS OUTPUTS 


oe 
mu [eesoes [es [ee [es [es [rou] c [ie [in | vo | vs | vo | vo | va [ vs | ve | v2 | 


: H X X X X X X X X X Z Z Z Z Z z 
High-Impedance 
X H X X X X X X X X PA £ Z Z Z Z 


Disable 


Active-HIGH Output 


Steet rs Oe te ol oe oe 


Active-LOW Output 


SO ES eee on eee ea ie tone tee 
"ath (aE KRas facets BGR FG Ba, Sooty LGB iaxt nee aatd stl wad ike ai (i ee? Goel Rea noes at pane GaN cs 
ee ee ee Pe i TSS SS a 
eet ee Pee Coren ew es Oe CO ae eee 
Ll ft OC Be ee ae i. eee OS OS OS ROK 
ie OT So ae ee ae te ae eck, Pow On os OR: SOR. One 
ye a: ake gba wee optee aa BG aM i apse am cwott peed Se eM gee OR RRR al pea HN mee AD ie Sc pe 
i ahs: Regen efi SAME: cag SSS passin MY BP RN madly pe cat paul gah We cece (iO MES modes Tae olin Bing eae IB rae 
ri EQS Spgs. BAS: Tas AM sca ES ON RY ade wade pode meaty coe SOR peak oekes oe OM pole NY coke EO ped: BAS oe 


aa CoA Pa cot ABE paper OY oly PN ALE poaass OAS copays mel peeks ell wea We aa ie de <i ae a 
Fe aS a ge BG gg nee PS ORR AE ealad ma peor ee Bibes ZOE vagal edt wel (OR: OP pe AE ical CAS per WS aoe 
Pi TANG TH AU ponte Reg Mee AVE ML ES spay yc peor ec papel ce eked ge: (0 Bit met Se pred 7? MM peas TR pe 
ve Sag: BS! eclisa ebiten goin abi wa a) TN aoe ie NY waa ec pea weg rath 25 meee FY ee EUR pean tO ag 
Po A wages Seep MS. ey mig: raat OP AA ca ON iat raphy eae eA reget posh (es SRN meet? iby wee” ER eae Tes pray 
"ym Maggs MARS EK age Reem wd he PO CE pod ma renee mie ety amet wae A Re okies ied pies ON polls BU eos 


H = HIGH 
L=LOW 
X = Don't Care 

Z = High-lmpedance 
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APPLICATIONS 


> 
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i) 
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' ee 
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AF001091 


One-of-thirty-two decoder without additional decoding devices. 
Can be used for !/O decoding in an Am9080A system. 


FROM 
MiCROPROGRAM MEMORY 
a 
POL A 8 c 12) 


it 
net PP 


Am25LS2538 


OUTPUT 


CONTROL 
jo} fe fe fo fe fo r 


16: BIT DATA BUS 


Am2901 
MICROPROCESSOR 
ARRAY 


DATA 
INPUT 


AF001081 

Two Am25LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bi 
select function to perform bit manipulation in a microprocessor system. 
Examples: 

Bit Select 

Bit Select 

Bit Mask 

Bit Mask 
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Am25LS2538 


ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to + 125°C 


Storage Temperature 

Ambient Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 


-0.5V to +7.0V 


-0.5V to +Vcoc max 
-0.5V to +7.0V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 

Temperature 

Supply Voltage 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


Voc = MIN lous =1.0mA (MIL) | 24 | 84 | 
a ViN= Vin oF ViL loH = -2.6mA (COM'L) pee ek ee es eee Volts 
ig. = 40 mA pee ee 
Vou mee Wook san ion = 8.0mA pee iia Bae ea 


(Note 5) 


Vin = Vin oF Vit 


SS ee es ea ee 


Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs Volts 
Ge SS Se 


MIL 
Guaranteed input logical LOW MO 
dads Ss voltage for all inputs Wel te | 
input Clamp Voltage Voo = MIN, liv = -18mA Vo? (seer pene sae | 
input LOW Current Voo = MAX, Vin = 0.4V Ce eT ma 
Tim | Input HIGH Current Voo = MAX, Vin = 2.7V eee ee 
Tn ___| Input HIGH Current Voo = MAX, Vin = 7.0V Eee os a as Es aes 
On seats agtetmpecanney Ty oa Vo= 0.4V eee ae es ee 
Cpr Cure oc Mowe | ite tee 
hort Circui 
Power Supply Current = 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Test conditions: A= B=C =D=E; = Eo =GND: E3 = E, = POL = OF, = OF2 = 4.5V. 

. VoL is specified with total device Io, = 60mA (max). 
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SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


|_Parameters | _-_Description__| Test Conditions | _win_| Typ | _Max__| Unite _ 


ee ee 
deen, a ee ee 
Geen ee es 

: sas a 
Gate SSeS | a 

tPHL eeeO fe ee 
Pe oh Ie ee 
roe es ae es se 
EA on 
Bet ne ¥s ao 
aes ae 
OE 1, OFa io %i Be = 20K0).<-.ch calc: Anvomnus cla coe aed 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL MILITARY 
Parameters Description 


=— 
O4 = S0pF 


Test Conditions 


ns 


ies eRe oe ie ee 
E: ieee aoe : Ae pee ees eee OS ic eee Oe ee ae ee 
Ee ee 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS2538 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVEN INPUT 


ICO00090 


Note: Actual current flow direction shown. 
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Am25LS2539 


Am25LS2539 


Dual One-of-Four Decoder with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 


@ Two independent decoders/demultiplexers 
@ Three-state outputs 
@ Buffered common polarity control 


@ A. C. parameters specified over operating temperature 
and power supply ranges 


GENERAL DESCRIPTION 


The Am25LS2539 is a dual two-line to four-line decoder/ 
demultiplexer fabricated using advanced Low-Power 
Schottky technology. Each decoder has two buffered select 
inputs - A and B which are decoded to one-of-four Y 
outputs. An enable input (E) is used for gating or can be 
used as a data input for demultiplexing applications. When 
the enable input goes HIGH, all four decoder functions are 
inhibited. : 


An output enable (OE) input is used to control the three- 
state outputs of the device. When the OE input is LOW, the 
outputs are enabled. When the OE input is HIGH, the 


outputs are in the high-impedance (off) state. The device 
also has separate buffered polarity (POL) inputs to force 
the outputs to either an active-HIGH state or an active- 
LOW state. When the POL input is LOW, the outputs are 
active-HIGH and when the POL input is HIGH, the outputs 
are active-LOW. The device is packaged in a space saving 
(0.3-inch row spacing) 20-pin package. The device features 
Am25LS family improved switching specification, higher 
noise margin, and twice the fan-out over the military 
temperature range when compared with Am54LS/74LS 
devices. 


BLOCK DIAGRAM 


Part No. 


Description 


8-Bit Decoder 


Am2924 


3-to-8 Line Decoder/Demultiplexer 


03620B 
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CONNECTION DIAGRAM 
Top View 


6EScS 1IScwy 


CD001630 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


2Y¥2 Vcc 
2Y1 Q 2Y3 
2B 


gt 
12 


20E 
2Yo 2; 2Y2 2¥3 


dS 
aes apt a Bt 


gl ay otha} re 


Cia mils 


Pa 


Se 2 “Rs 


DIE SIZE 0.081” x 0.096” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2539 D Cc B 
L_. Screening Option 
Blank - Standard processing 
B - Burn-in Am25LS2539 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) — 


Package 

D- 20-pin CERDIP 

F-20-pin flatpak 

L-20-pin leadiess chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Dual 1-of-4 Decoder combination you wish. 
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re 


: 7 PIN DESCRIPTION — | 


Pete fare e Description 


| 1 | Select the two select inputs to the decoder/demultiplexer. 


Ae The enable input to the decoder. A HIGH input forces the decoding functions to be inhibited 
regardiess of the A and B inputs. 
Polarity Input. The polarity input forces the outputs to either an active-HIGH state or an active-LOW 
state. A LOW on the polarity input forces the output active-HIGH. A HIGH on the polarity input forces 
the outputs active-LOW. 
Output Enable. A LOW on the OE input enables the outputs. A HIGH on the OE inputs forces the 
outputs to the high high-impedance (off) state. 

eo Yo, Y1, = The four decoder/demultiplexer outputs. 
Ya, Y3 , 


FUNCTION TABLE 


inputs | Outputs 
ee ocean 
| High-impedance | H | x | x | x |x| Z1 Z| Z| Z_ 


X | X 
ome [EL LL 


Active-High 
Output 


& 
H 


Tceh jan Batis tee 


Active-Low 
~ Output 


rara|reae|ze 
rer arts 


TUE pacers 2 FY pete eee WE cay em aay 
a RE RAS SF oak AM eal aaah! acta ee Mas A ce 


L 
L 
L 
H 
H 
H 
H 
L 


wat ve, is rer i a ea 
ra ei re fot 
ae ee 1 a ee ee 


H = HIGH X = Don't Care 
L = LOW Z = High-impedance 
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APPLICATIONS 


Am25LS163 


6ESZS 1Scwy 


Q2 3 


1/2 Am25LS2539 = 1POL 1/2 Am25LS2539 = 2POL 


AF000831 


AF000840 


FOUR PHASE CLOCK GENERATOR 
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Am25LS2539 


ABSOLUTE MAXIMUM RATINGS ~ OPERATING RANGES 


Storage Temperature ...................0.000e -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Under Bias......... -55°C. to’ + 125°C VERMEROUND |... 5: Sev. cn re ieee 0°C to +70°C 
Supply Voltage to Ground Potential Stipe, VORA 3 ess ns +4.75V to +5.25V 
RUN NSOR Eo 55s ssa ok ha -0.5V to +7.0V = 
DC Voltage Applied to Outputs For eee. Devic ° ° 
RIMM RWO 075550155 ctoticeesiessea cde -55°C to + 125°C 
High Output State ....................... -0.5V to +Vcoc max 
DC input Voltace -0.5V to +7.0V SUM VONBOG |: oct ci icccssacateReskscces +4.5V to +5.5V 
P gE Sp reamed dante = : Operating ranges define those limits over which the function- 
DC Output Current, Into Outputs ...........0.......cee eee. 30mA ality of the device is guaranteed 
Ep AOE ONTO 52a oes rccus vices anc -30mA to +5.0mA g ; 


_ Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 

Description Test Conditions (Note 2) a (Note 1) 
V Output HIGH Voltage Voc =. MIN ee ee 
OH P 9 Vin = Vin, or Vit COM'L, lon =-2.6mA mee 


Voc = MIN 
Vin = Vint or Vit 


Guaranteed input logical HIGH 
input HIGH Level voltage for all inputs 
; MIL 
Guaranteed input logical LOW PME 
ae 


ame 
voltage forall inputs ee] 
Input Clamp Voltage Voc = MIN, lin =-18mA Ree ae 
Input LOW Current Voc = MAX, Vin = 0.4V eS 
Input HIGH Current Voc = MAX, Vin = 2.7V eae 


Volts 


| Volts _| 

i laa 

ieee cae 
HA 


Output LOW Voltage 


(Note 5) Volts 


Volts 


oO 
N 


{e) 
~ 
t] 
ras 
Oo 
4 
> 


Volts 
Volts 


oe (High-Impedance) 
put Current 
Ee ee CS eee 
7 iol a 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Test conditions: A= B=E=GND: POL = OE = 4.5V. 

. VoL is specified with total device Io, = 60mA (max). 


N 
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SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


[Parameters | Description _| Test Conditions | min__| typ | Max__| Units _ 
pe ee ee ee 


See gitiae a Ee ee 
Bt ee Te 
~ E toy; 
ee ae es 
ewes | 16 |e 
oe POL to Y; 
Ran a Ne SS 
ee ee ip galiens a obit paetlion aeeamuce 
tz. Bae ee Se 
a ee aes See 
ae ee ee ee 


COMMERCIAL MILITARY 
Am25LS2539 Am25LS2539 

Parameters Description | Test Conditions| Min. | Max | Min | Max 
— 
PHL 
: 
= OL = S0pF 
Sesoth 
== 
Cae ee a RSS maa es Se en ae ee ae 
zee oc ness ase eee eee oe 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS2539 - Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVEN INPUT 


ICOO0090 


Note: Actual current flow direction shown. 
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Am25LS2548 


Am25LS2548 


Chip Select Address Decoder with Acknowledge 


DISTINCTIVE CHARACTERISTICS 


®@ One-of-Eight Decoder provides eight chip select outputs 
® Acknowledge output responds to enables and read or 
write command 


@ Open-collector Acknowledge output for wired-OR appli- 
cation 

® Inverting and non-inverting enable inputs for upper 
address decoding 


GENERAL DESCRIPTION 


The Am25LS2548 Address Decoder combines a three-line 
to eight-line decoder with four qualifying enable inputs (two 
active HIGH and two active LOW) and the acknowledge 
output required for ‘'ready'' or ''wait state'’ control of all 
popular MOS microprocessors. 


The acknowledge output, ACK, is active LOW and re- 
sponds to the combination of all enables active and a read 
(RD) or write (WR) input command. 


The eight chip select outputs are individually active LOW in 
response to the combination of all enables active and the 
corresponding 3-bit input code at inputs A, B, and C. 


The Am25LS2548 is intended for chip select decoding in 
small, medium or large systems where multiple chip selects 
must be generated and address space must be allocated 
conservatively. 


BLOCK DIAGRAM 


Part No. 


Am2924 


9-144 


BD001610 


03621B 
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CONNECTION DIAGRAM 
Top View 


sPSscS 1Scwy 


CD001990 CD002000 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


Yo Yy Yo Y3 Y4 Ys Yo Y¥7 


DIE SIZE 0.081" x 0.096” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


B 
L— Screening Option 
Blank — Standard processing 
B — Burn-in Am25LS2548 
Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 


M -Military (-55°C to + 125°C) 


Package 

D- 20-pin CERDIP 

F-20-pin flatpak 

L-20-pin leadiess chip carrier 

P—20-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Address Decoder combination you wish. 


Am25LS2548 D c 
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| 


Am25LS2548 


PIN DESCRIPTION 


| Pin No. Name 1/0 | Description 
6, 7, 17 Three-line to eight-line chip select decoder inputs. 


The active LOW enable inputs. A HIGH on either the E; or Eo input forces all decoded functions to be disabled, and 
forces ACK HIGH. 


14, 13 The active HIGH enable inputs. A LOW on either the E3 or E4 input forces all the decoded functions to be inhibited, 
and forces ACK HIGH. 


The write input, WR, and read input, RD, are active LOW inputs used as conditions for an active LOW output at the 
acknowledge, ACK, output. 


The acknowledge output, ACK, is an active LOW output used to signal the microprocessor that specific devices have 
been selected. goes LOW only when E; and Ep are LOW, Eg and E4 are HIGH and or RD is LOW. 


FUNCTION TABLES 


CHIP SELECT OUTPUTS Y; 
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uch 

ae a | oe he 

rT ho 
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APPLICATIONS 


8PScS 1scwy 


H 
Oo 
DATA { «<OATA BUS 
0; 
TOR 


CONTROL 


AF001050 


AF001060 
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Am25LS2548 


ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to +125°C 


Storage Temperature 

Ambient Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 


-0.5V to +7.0V 


-0.5V to +Vcc max 
-0.5V to +7.0V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature 
Supply Voltage 


-—55°C to +125°C 
+4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 
Description Test Conditions (Note 2) epee | te, 


- Output LOW Voltage Veg = MUN lr Volts 
Vin = Vin OF Vit So Se ee me 


Sas ee 
Ca 

cid A aaa a ee 

RE COO Se eee Ms eS ae Os 

co en ee OO ee 

a Ll ee Gmc ae ee ee a 

Sk oe a 0 eee acases Ge nae eae ee 


Output Short Circuit Current Ee 
Power Supply Current 2 
Wie 4 Yoo = MAK 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration. of the short circuit test should not exceed one second. 
4. Test conditions: A= B =C =E,; = Eo = GND: RD = WR = Eg = Ey = 4.5V. 
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SWITCHING CHARACTERISTICS (T, =+ 25°C, Voc = 5.0V) 


Description Test Conditions ee ee 
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| SWITCHING CHARACTERISTICS ovr operating range unless chemise spocted CHARACTERISTICS over operating range unless otherwise specified 


COMMERCIAL MILITARY 
Am25LS2548 Am25LS2548 
Parameters Description Test Conditions| Min | Max | Min | Max 


FP pongiena for WORT bed dra aon iouinc) sbon@@T Ju 
st gi i toe ie po [aneimeianes fr ow ot TOI Daman 
eee ek ee 
Ma C8 ee en De Baad SGN OR RS WR ld 
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Ry = 2.0kQ 
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tPHL 
a 
=o 

Am25LS2548 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


oe 
i oi ee 
Se 


ACK OUTPUT 


Fil iil 
| 


IC000280 


Note: Actual current flow direction shown. 
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Am25S557/Am25$558 


Am25S$557/Am25S558 


Eight-Bit by Eight-Bit Combinatorial Multiplier 


DISTINCTIVE CHARACTERISTICS 


Multiplies two 8-bit numbers - 16-bit output 
Combinatorial - no clocks required 

Full 8x8 multiply in 45ns typ. 

Cascades to 16x16 in 110ns typ. 
Expandable to multiples of 8 bits 

MSB and MSB outputs for easy expansion 


Unsigned, two's complement or mixed operands 
Implements common rounding algorithms with addition- 
al logic 

Three-state outputs 

Transparent 16-bit latch in Am25S557 

Industry standard pin-outs 


GENERAL DESCRIPTION 


The Am25S557 and Am25S558 are high-speed, combina- 
torial, 8 x 8-bit multipliers. Both use an array of full adders 
to form and add partial products in a single unclocked 
operation, resulting in a 16-bit parallel output product. 


Mode control inputs Xy and Yy allow the multiplier to 
accept either unsigned or two's complement numbers from 
either respective input to provide an unsigned or signed 
output. The mode control lines are held LOW for unsigned 
input words and HIGH for two's complement. 


The Am25S557 and Am25S558 are easily expandable to 
longer work lengths. Both S15 and Sj5 are available to 
allow expansion in either signed or unsigned modes without 
external inverters. In the 16-bit by 16-bit configuration (32- 
bit output) the typical multiply time is 110ns. 


Both configurations offer three-state output flexibility and 
the Am25S557 adds a 16-bit transparent latch between the 
multiplier array and the three-state output buffers (including 
$45). 


Rounding provisions for 8-bit truncated output configura- 
tions are particularly optimized for maximum flexibility. The 
Am25S557 internally develops proper rounding for either 
signed or unsigned numbers by combining rounding input R 
with Xm, Ym, Xm and Yxy as follows: 


Ry = Xm « Ym e R = Unsigned Rounding input to 2” ad- 
der. 


Rs = (Xy + Yu) R = Signed Rounding input to 28 adder. 


Since the Am25S558 does not require the use of pin 9 for 
the latch enable input, (G), Rs and Ry are brought out 
separately. 


BLOCK DIAGRAM 


S$ ———— 815 515 
~ 
16-BiIT PROOUCT 


BD001780 


*Pin 11 is G for Am25S557 and Ry for Am25S558. 
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CONNECTION DIAGRAM 
Top View 


RRBSRPRSVSSSSR SERS ess 


CD003030 


grgrgesrres 


CD003040 


Pin assignments shown are for Am25S558. G and R shown in 
parentheses are pin assignments for Am25S557. 


METALLIZATION AND PAD LAYOUT 


Am25$557 


25 $13 
24 Sy, 
23 Sis 
22 Sis 
21 OE 


16 
17 
18 
19 
20 


DIE SIZE 0.171” x 0.165” 


Am25S558 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S557 
Am25S558 Cc B 
= Screening Option 
Blank — Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
_M —Military (-55°C to + 125°C) 


Package 

D- 40-pin. CERDIP 

L-44-pin leadiess chip carrier 
X- Dice 


Device type 
8-Bit by 8-Bit Multiplier 


9-151 


Valid Combinations 


DC, DM 
Am25S557 LC, LM 


DC, DM 
Am25S658 | 1c’ iy 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am25S557/Am25S558 


PIN DESCRIPTION 


|_Pin No. |Name | 1/0 | Description 
| dX =X7 | t| Muttiplicand 8-bit data inputs. 
Multiplier 8-bit data inputs. 


Mode control inputs for each data word; LOW for unsigned data and HIGH for two's complement data. 
Product 16-bit output. 


pee poteg 
fe es ve 
ae Eg sad 
ees | ees eae Inverted MSB for expansion. 
pwede | eae 
oe ee 
2. See es ee 
ee Leis 


Rounding inputs for signed and unsigned data, respectively (Am25S558 only). 

Transparent Latch Enable (Am25S557 only). 

Three-state enable for So-S15 outputs. 

Rounding input for signed or unsigned data (combined internally with Xi, Yi in Am25S557 only). 


MODE CONTROL INPUTS ROUNDING INPUTS 
Am25S557 


Operating 


Mode Ym 


YA PAR a 
ae 


2's COMP | UNSIGNED 


| SIGNED | 2's COMP | 2's COMP 


L 


Am25S558 


[tmpute | Adds | Normally Used With 
ify Re | 2? | ot | xe fe ve 
eee ee 
a ae 
Pe ec [ves[no| fue 
ee a a 


* Most rounding applications require a HIGH level for Ry 
or Rs, but not both. 


I/O MAPPED INTERFACE 
WITH MOS MICROPROCESSOR 


8-BIT DATA BUS 


AF001270 
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APPLICATION 


ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to +125°C 


Storage Temperature 
Ambient Temperature Under Bias 


OPERATING RANGES 


Commercial (C) Devices 


Temperature 0°C to +70°C 


Am25S557/Am25S558 


Supply Voltage to Ground Potential +4.75V to +5.25V 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 


DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Supply Voltage 


-0.5V to +7.0V Military (M) Devices 


Temperature -55°C to +125°C 

Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device, is guaranteed. 


-0.5V to +Vcc max 
-0.5V to +5.5V 


DC CHARACTERISTICS over operating range unless otherwise specified 


eA 


Voc = MIN Vi = 0.8V 
VOH Output HIGH Voltage Vin = Vin or VAG =20V lon = -2.0mA Volts 
Vit lH . 
Voc = MIN 
VOL Output LOW Voltage Vin = Vin, or Vin = 2.0V Volts 
ViL lo. = 8.0mA 
Guaranteed input logical HIGH 
V inbut LOW Level Guaranteed input logical LOW Mit. Volts 
IL P voltage for all inputs COM faye es | 
input Clamp Voltage Voc = MIN, I= =16mA Pe [ve 
input LOW Curent Voo = MAX, Vin= 05V [SEES (SERRE as 
Ci Ymput HIGH Current Voo = MAX, Vin = 2.4V HGREAL LEROEED EAC 1 eT 
ri Yinput HIGH Current Voo= MAX, Vin = 55V IRENE CRESS TADIER 
Off State (High Impedance) Vo = 0.5V istbeee ieeneeabes. 
Output Current Vora 
HRREEE ISBEERE 


Vit = 0.8V 


(Note 3) Vec = MAX. 


7 | m 
Power Supply Current (Note 4) Voc = MAX | 280 | 


Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Test with pin 21 at 4.5V, all other input pins at GND, all outputs open Am25S557 conditions the same except initialize with G (pin 11) 
at 4.5V, then GND. 


mA 
mA 
A 
A 
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SWITCHING TEST CIRCUIT | SWITCHING TEST WAVEFORMS 


 Tett | yy. Ci Output Waveform — Measurement Level 


IN916 OR IN3064 


FROM OUTPUT 
UNDER TEST 


TC001460 


WF002350 


C. Includes probe and jig capacitance. 


SET-UP AND HOLD TIMES | PULSE WIDTH 


LAAN NAN WNAAAAS ed LOW-HIGH-LOW 
pata _VVVVV' IVVVY' Sseves eee 
INPUT MAAK MANA 6 < PULSE 

zie oa = 


HIGH-LOW-HIGH 
SSS Seren. 1; 
fig PULSE 


OV 
WF001460 WF001270 


Notes:1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross hatched area is don't care condition. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Am25S557 

Description Test Conditions | Min | Max | Min | | Max | 
5 ee CC ee eee pd Ae 0 ee 
ftpp CX Vito Sg to Sig or Si5 bo ae et ee ee 
pts sid X,Y to G Set-up Time ike aes as a ee eee 
Pi 2 OS a ie Ue ee SES Pe Se ee 

oe Se ee pee Gees Goo oe ee Se Ee eS 

Ttew =i Latch Enable Pulso Width = (s| 2S cco~=Si| 8 | 15 | 30 | ts [lone | 
elie foe ee a | ee 
a eee ee 2, eee Se ee ee a ee 
tPLz Oia ee eae oe | ee 
oo eee ts, Lee eee ee Roe ee ee ee 
Re Ss ee 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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essssewy/zssssewy 


Am25S557/Am25S558 | 


_ SWITCHING CHARACTERISTICS over operating range unless otherwise specified" 


; COMMERCIAL MILITARY 
Parameters Description 


top ove: malaga Nai Go 20°) 


Test Conditions 


ftp | Xt, Y4 to So to Si5 or Sis Be RES ate. Be ee 
pe eee etme: 8. 2 Se Oe 
ee ee L ce a a 
pore ee | ie i ee 
LEA eee 2 ea Mae 2 eS eee Oe 
oe BR na eee oe MRR Sod: RE ee Ee 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25S557/Am25S558 
INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


RELATED PRODUCTS 
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Am25LS2568/Am25LS2569 


Four-Bit Up/Down Counters with Three-State Outputs 


@ 4-bit synchronous counter, synchronously programma- 
ble 

@ Both synchronous and asynchronous clear inputs 

@ Three-state counter outputs interface directly with bus 
organized systems 

@ Internal look-ahead carry logic and two count enable 

lines for high speed cascaded operation 


The Am25LS2568 and Am25LS2569 are programmable 
up/down BCD and Binary counters respectively with three- 
state outputs for bus organized systems. All functions 
except output enable (OE) and asynchronous clear (ACLR) 
occur on the positive edge of the clock input (CP). 


With the LOAD input LOW, the outputs will be programmed 
by the parallel data inputs (A, B, C, D) on the next clock 
edge. Counting is enabled only when CEP and CET are 
LOW and LOAD is HIGH. The up-down input (U/D) controls 
the direction of count, HIGH counts up and LOW counts 
down. Internal look-ahead carry logic and an active LOW 
ripple carry output (RCO) allows for high-speed counting 


Am25LS2568 (BCD) 


eeeees 


bes wo, aes ll 


me Ea Loe s 
= Tl 


BD001430 


cco 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


9-157 


® Ripple carry output for cascading 
@ Clock carry output for convenient modulo configuration 
@ Fully buffered outputs 

@ Second sourced as the 54LS/74LS568 and LS569 
@ Advanced Low-Power Schottky technology 


and cascading. During up-count, the RCO is LOW at binary 
9 for the LS2568 (binary 15 for the LS2569) and upon 
down-count, it is LOW at binary 0. Normal cascaded 
operations require only the RCO to be connected to the 
succeeding block at CET. When counting, the clocked carry 
output (CCO) provides a HIGH-LOW-HIGH pulse for a 
duration equal to the LOW time of the clock pulse and only 
when RCO -is LOW. Two active LOW reset lines are 
available, synchronous clear (SCLR) and a master reset 
asynchronous clear (A ACLRA). The output contro! (OE) input 
forces the counter output into the high-impedance state 
when HIGH and when LOW, the counter outputs are 
enabled. 


Am25LS2569 (BINARY) 


oa 
2B =A 


BD001420 
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Am25LS2568/Am25LS2569 


CONNECTION DIAGRAM 
Top View 


13 


® 
o 
> 


CD001650 


~METALLIZATION AND PAD LAYOUT 
Am25LS2568 


Voc 
RCO 
cco 


OE 


Ya 


Ys 


LS000570 


Yc 


Yo 


CET 


DIE SIZE 0.087” x 0.103” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2568/69 D Cc B Valid Combinations 


L_— Screening Option 
Blank — Standard processing 
B - Burn-in Am25LS2568/ 


Temperature (See Operating Range) Am25LS2569 
C —Commercial (0°C to + 70°C) 
M -Military (-55°C to +125°C) 


Package 

D- 20-pin CERDIP 

F—20-pin flatpak 

L-20-pin leadiess chip carrier 
P—20-pin plastic DIP 


X- Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type ; determine if a device is currently available in the 
BCD and Binary Counters combination you wish. 
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PIN DESCRIPTION 


| 3, 4,5,6 |A,B,C,D| | | The four programmable data inputs. 


ee ce Count Enable Parallel. Can be used to enable and inhibit Sinan in high speed cascaded operation. CEP must be 
LOW to count. 


[12 |CET | 1 | Count Enable Trickle. Enables the ripple carry output for cascaded operation. Must be LOW to count __—| 
| 2 {cP | _t.. | Clock Pulse. All synchronous functions occur on the LOW-to-HIGH transition of the clock. 

Tit |COAB__| |_| Enables parallel load of counter outputs from data inputs on the next clock edge. Must be HIGH to count. | 
eee |. See Up/Down Count Control. HIGH counts up and LOW counts down. 

7S. ee Asynchronous Clear. Master reset of counters to zero when ACLR is LOW, independent of the clock. 

| 9 -—*«{SCLR-~—Ss|_—st_‘{ Synchronous clear of counters to zero on the next clock edge when SCLR is LOW. 


| 17 ~—~« {OE ~—+|_—it_—_s| AHIGH on the output control sets the four counter outputs in the high-impedance, and a LOW enables the output. 


Ya, Ye, The four counter outputs. 
Yo. Yp 


> 
3 
NO 
ci 
” 
ND 
a) 
fez] 
fee) 
~ 
> 
3 
NO 
= 
7] 
RO 
oO 
o 
© 


i eee |. eee ee Ripple Carry Output. Output will be LOW on the maximum count on up-count. Upon down-count, RCO is LOW at 0000. 
| 18 ~~ |CCO | _~© | Clock Carry Output. While counting and RCO is LOW, CCO will follow the clock HIGH-LOW-HIGH transition. 


Am25LS2568/2569 
FUNCTION TABLE 


INPUTS OUTPUTS 


ASYNC | SYNC CLOCK 
LOAD CET| U/D| CLEAR | CLEAR Do Di Do D3 Qo Q;i Qo Q3 CARRY 
Clear 
Bo 
Clear xX » 4 Xx 0 
amo | x [etefop a pa ad cooled | PRE a dh be 
0 0 t 0 0 +f @) 
1 1 ae os 1 1 ee ee a 
TcountUp_ | + | 0 | = a aren 
count Down | 4 | 0 | x aera rae is ee 
4 x x t N.C. NC 
Xx xX D4 Ea bare? aS 
Output 
ime ey aster] eo No] NO 


t = CLOCK LOW-to-HIGH transition Qn + 1 = Next higher count in cpeeecee tee sequence 
X = Don't Care Qn-1.= Next lower count in binary sequence 
Dr = Do thru Dg input level prior to clock transition N.C. = No change 


Notes: 1. Register performs all correct logic for any state of OE, but OE =0 to view outputs. 

2. Follows CLOCK if CET = CEP =0, otherwise remains HIGH. 

3. 1001 for LS68. 

4. LOW for one full CLOCK cycle when maximum count is reached, otherwise remains HIGH. 
5. Follows CLOCK when RC = 0. 

6 


LOW for one full CLOCK cycle when minimum count is reached, otherwise remains HIGH. 
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Am25LS2568/Am25LS2569 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..0......6.c.ccccceeee ees -65°C to + 150°C Commercial (C) Devices ? 
Ambient Temperature Under Bias......... -55°C to + 125°C TOMPOFAtUNe |. sieves ci oe erect das tlaSecbescsats 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage.............c0cccceeeeteeess + 4.75V to +5.25V 
RINNE yg ganic vache dic cuseananiax evuyeacneak -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State ...................008. -0.5V to +Vcco max 
Tee EEK WV UMIIGS oooh} ce ie 5. vp aninoan ee Mae -0.5V to +7.0V 
DC Output Current, Into Outputs .....................0.. ee 
DC Input -CURONE min cicccteeeeccecaeeeesys 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
TOMPCIAlUG 5 csiicrrvsvessevecvescestecestes -55°C to +125°C 
Soppn Volaas oa +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Typ 


ome et 
i 
RCO 


Voc = MIN 


a 
Wee fe 


be eS ee ev 
: fovesouacmre | Svea [| 
EN Co ae RE MEER 


Guaranteed input logical HIGH 
input HIGH Level voltage for all inputs 


eee el 
Guaranteed input logical LOW 
Vit Input LOW Level 
| 


Vin = Vin 
or Vit 


VOH 


voltage for all inputs. 
input Clamp Voltage Voc = MIN, lin =-18mA 


Hie Input LOW Current 


Input HIGH Current Voc = MAX, Vin = 2.7V : 
Input HIGH Current Voc = MAX, Vin = 7.0V 


Off-State (High-impedance) Ver = MAX Vo = 0.4V 

Output Current cc Vo = 2.4V 

Output Short Circuit Current Be 

Power Supply Current 
wate 4 Yoo" MAX 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. OE =HIGH, all other inputs = GND, all outputs open. 
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- SWITCHING CHARACTERISTICS (Ta, = +25°C, Vcc = 5.0V) 


Parameters |Description Test Conditions | min =| Typ | Max | Units 
(PL Nock is: Ary C Tosi LOW camiedots So A a 


a 


_ Ba BO ee 
ai Clock to Any Q; Load = HIGH 
Fe ee ee 
Rees Ps 
TR ee eee a 
aes SS ee 
ae u/B to RCO 
Geter nees: SRE a oaks OS 
| ae ee a es 
a AE aes Se 
eee Es 
BAS OR ek ie 
omer. | ee 
ee a 
—_ NA ee 2 
eu LR to Any Q 

Re TAS Es 

AB, D oe = eee oe 

Toad BAe aS a Ss 

uD se a eee 
Mts | SOL Recovery (inactive) to Clock ee ee 
Data Hold BE hese sees a eo a 
"imax [Maximum Clock Frequency (Note 1) ee ee 
tow | Clock Pulse Width ee ee GS. EL es a 
eget I hey Ena SE SSS Se 
ee ee 
eee cl Gee es SR eA 

OE to Any Q; Disable 

ST ee Se Paes Oe 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, tf, pulse width 
or duty cycle. 
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Am25LS2568/Am25LS2569 


~ COMMERCIAL 
“Am25LS 


MILITARY 


per 
ce) 


ok 
™N 


ya is —_— 
NN] > fe) ™N 


tPLH 
tPHL 


tPLH ot 
lock t 
aay Clock to RCO 

ee Clock to CCO 
Oia ee i ) 

tPHL ae 

tPLH 

' CET or CEP to CCO 

tPLH 

t ACLR to Any Q 


A, B, C, D 
ere 7 


aaa po] OL = Bip 
OE to Any Q; Disable A= 20K9 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
N.A. not applicable. 


N 


Cy = 50pF 
Ri = 2.0KQ 


> ™N 


ie) 


— 


ow be 


Am25LS2568/2569 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


RCO, CCO Yi 
DRIVING OUTPUT DRIVING OUTPUT ORIVEN INPUT 


1C000270 


Note: Actual current flow direction shown. 
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Am26S HIGH PERFORMANCE SCHOTTKY BUS INTERFACE 
Am26LS DATA COMMUNICATIONS INTERFACE 


Am26S and Am26LS 
Interface Family Index 


Am26S02 Schottky Dual Retriggerable, Resettable 

Monpetabio MilNViNGIOr oii ee eae 10-1 
Am26S10/Am26S11 Cad . Bue -LPAncmivere sii oss wossvccbcs ose anceviasieineicioue 10-7 
Am26S12/Am26S12A Quad Bus Transoewers 606602... 10-15 
Am26LS27/Am26LS28 Dual EIA RS-485 Party Line Transceivers..................0.000. 10-19 
Am26LS29 Quad Three-State Single Ended RS-423 Line Driver .......... 10-20 
Am26LS30 Dual Differential RS-422 Party Line/Quad 

Single Ended RS-423 Line Driver................c.ccccceseeeeees 10-26 
Am26LS31 Quad High Speed Differential Line Driver .....................00. 10-33 
Am26LS32/Am26LS33 Quad Differential Line Receivers..............c..ccceceesecceuceuces 10-39 
Am26LS32B Quad Differential Line Receiver .................cccceecceeeccecueees 10-42 
Am26LS34 Quad Differential Line Receiver ................cccccceceeecceeeeecs 10-46 
Am26LS38 Quad Differential Backplane Transceiver...............0.ceeseeees 10-50 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


Am26S02 


Schottky Dual Retriggerable, Resettable Monostable Multivibrator 


DISTINCTIVE CHARACTERISTICS 


@ Advanced Schottky technology with PNP inputs 
@ Retriggerable 0% to 100% duty cycle 

@ 28ns to © output pulse width range 

@ 100k2 maximum timing resistor value 


@ Am26S02XM typical pulse width change of only 1.0% 
over -55°C to + 125°C with Ry, = 100kQ 

@ Am26S02XC typical pulse width change of only 0.4% 
over 0°C to + 70°C with Ry = 100KQ 


GENERAL DESCRIPTION 


The Am26S02 is a dual DC level sensitive, retriggerable, 
resettable monostable multivibrator built using advanced 
Schottky technology. The output pulse duration and accu- 
racy depend on the external timing components of each 
multivibrator. The Am26S02 features PNP inputs to reduce 
the input loading. 


Provision is made on each multivibrator circuit for triggering 
the PNP inputs on either the rising or falling edge of an 
input signal by including an inverting and non-inverting 
trigger input. These PNP inputs are DC coupled making 
triggering independent of the input rise or fall time. Each 
time the monostable trigger input is activated from the OR 


trigger gate, full pulse length triggering occurs independent 
of the present state of the monostable. 


The direct clear PNP input allows a timing cycle to be 
terminated at any time during the cycle. A LOW on the clear 
input forces the Q output LOW regardless of the Ig or |; 
inputs. 


The Am26S02XM has a typical pulse width change of only 
1.0% over the full military -55°C to + 125°C temperature 
range and the Am26S02XC has a typical pulse width 
change of only 0.4% over the commerical 0°C to + 70°C 
temperature range with a R, = 100k2. 


SCHEMATIC DIAGRAM 
(One Monostabie Multivibrator Shown) 


° Se Cy/Ry 9 2(14) 


é a 


10-1 


ALLL 
a =i HP Pe sags 
inte site Q 
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Am26S02 


CONNECTION DIAGRAM 
Top View 


Veco Cx Ry/Cy Sp 


CD003050 


Note: Pin 1 is marked for orientation 


Voc = Pin 16 
GND = Pin 8 DIE SIZE 0.062” x 0.071” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26S02 Cc B Valid Combinations 


L— Screening Option 
Blank -— Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 

F-16-pin flatpak 

P-—16-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Schottky Dual Multivibrator combination you wish. 


Am26S02 
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PIN DESCRIPTION 


[Pin No. [Nand |.U0 [Demption.; _______-oiyeen iv basco bre Botnoue nO, TON Oa | 


eS ee Asynchronous direct CLEAR. A LOW on the clear input resets the monostable regardless of the other inputs. 
| 11 [lo | | Active-LOW input. With 1; LOW, a HIGH-to-LOW transition will trigger the monostable. 

| 12 {ty | 1 | Active-HIGH input. With Ip HIGH, a LOW-to-HIGH transition will trigger the monostable. 
P10. IQ eh The TRUE monostable output. 
Hae, ee Ss ee The Complement monostable output. 


FUNCTION TABLE 


INPUTS _ OUTPUTS 
ly ig igs. i 


LOADING RULES (in Unit Loads) 


Output Output 
HIGH LOW 


OSCp 


© 


input/ 
Output 


Input 
Unit Load 


Pins No.'s 


= LOW 
__ = LOW-to-HIGH Transition 
= HIGH-to-LOW Transition 
JL = =LOW-HIGH-LOW Pulse 

“LI =HIGH-LOW-HIGH Pulse 
= Don't Care 


Q 7 40 10 
Q Mono 2. 9 - 40 10 
Q 10 = 40 10 
oa ee 
Cx 15 = aS ai 
Voc 16 = - 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


OPERATION RULES 2. Remote adjustment of timing. 
TIMING 


5 Timing components Cy and Ry, values. 


Cx 


Operating Temperature Range ie 


| 0 to 70°C =| -55°C to + 125°C 


5kQ 5kQ 
100kQ 50k22 
any value ‘any value 


Ry/Cy TERMINAL 
Cy ; 
TERMINAL 


TC001040 


Ri + Ro=Ry 
Ry >R,MIN. 
Ro < RyMAX. - Ry 


In the above arrangement, Rj and Cy, should be as close as 
possible to the device pins to minimize stray capacitance and 
external noise pickup. The variable resistor Ro can be located 
remotely from the device if reasonable care is used. 
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- Am26S02 


OPERATION RULES (Cont.) 


3. Pulse width change measurements. 
The pulse width tpwQ is specified and measured with compo- 


nents of better than 0.1% accuracy. If measurements are 


made with reduced component tolerances, the expected 
accuracy should be adjusted accordingly. Note that pulse 
width temperature stability improves as R, increases. 


4. Timing for Cy <1000 pF. 


When using capacitor of less than or equal to 1000 pF in 
value, the output pulse width should be determined from the 
output pulse width versus external timing capacitance graph. 


5. Timing for Cy > 1000 pF. 


For capacitors of greater than 1000 pF in value, the output 
pulse width, tpwQ, is determined by: 


0.11 
towQ = 0.300,Rx (1 + = 
Rx 
where 
Ry is in kilohms 


Cy is in picofarads 
tpwQ is in nanoseconds 


Voc 
Ry 
Cy = D; = 1N3064 OR 
J EQUIVALENT 
TO Ry/Cy TERMINAL 
x/Cy 
TOC 
TERMINAL 


TC001030 
R; <0.6x Ry MAX. 


Q1 = 2N2511 | 
: OR EQUIVALENT 
Cy 


q 


TO Cy 
TERMINAL 


TO Ry/Cy TERMINAL 
TC001020 
Ro < 0.7 x hreqi x Rx 


6. Protection of electrolytic timing capacitors. 
If the electrolytic capacitor to be used as C, cannot withstand 


1.0 volt reverse bias, one of the two circuit techniques shown 


below should be used to protect the electrolytic capacitor from 
the reverse voltage. The accuracy of the pulse width may be 
dependent on the diode (transistor) characteristics. 


The output pulse width, tpwQ for the diode circuit modifies the 
previous timing equation as follows: 


tpwQ = 0.26CyRy (1 + = 


The output pulse width for the transistor circuit is: 


0.1 
towQ = 0.21C,Rx (1 + a 


Notice that the transistor circuit allows values of timing resistor 
Ro larger than the Ry MIN. < Ry < RyxMAX. to obtain longer 
output pulse widths for a given Cy. 


TRIGGER AND RETRIGGER 
1. Triggering. 


The minimum pulse width signal into input Io or input |y to 
cause the device to trigger is 20ns. Refer to the truth table for 
the appropriate input conditions. 


2. Retriggering. 


The retriggered pulse width, tpwrQ, is the time during which the 
output is active after the device is retriggered during a timing 
cycle. It differs from the initial pulse width tpwQ timing 
equations as follows: 


towrQ = towQ + tpLH 


where tp_y is the propagation delay time from the Io or 4 input 
to the output. Note that tp_} is typically 14ns and therefore 
becomes relatively unimportant as tpwQ increases. 


3. Rapid retriggering. 


A minimum retriggering time does exist. That is, the device 
cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is approximately: . 


tretrigMIN. = 0.2C, 
C is in picofarads 
t is in nanoseconds 


'PLH /-+— ‘pw 0 OUTPUT WITH 
RETRIGGER 


OUTPUT WITHOUT 
RETRIGGER 
tretrig: ss eee Bab: Q 
INPUT I; Ig = HIGH 


INITIAL RETRIGGER 
TRIGGER PULSE 
PULSE 


WF002460 
CLEAR 


A LOW on the clear inputs terminates the timing cycle. A new 
trigger cycle cannot be initiated while the clear is LOW. With 
the clear HIGH, the device is under the command of the 1; and 
Io inputs. 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to +150°C 
-55°C to +125°C 


Storage Temperature ; 

Ambient Temperature Under Bias 

Supply Voltage to Ground Potential 
(Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs For 
HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 


-0.5V to +7.0V 


-0.5V to +Vcc max 
-0.5V to +5.5V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


0°C to +70°C 
+4.75V to +5.25V 


Military (M) Devices 
Temperature -55°C to + 125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


ed ed 
Saad ce ce i 
aa a 2 
am [eet onion —__fararirenmanor Tae 
Sie C= ache 


ee ene ee ee 
ee oe ee 
i To ee ee ees Ie Re ee 
ee TC, A BO 


Output Short Circuit Current Voc = MAX, Vout = 1.0V 
SC (Note 4) Ta = 25°C Only 
Power Supply Curent Voo = 5.0, lix=0.3amA (Notes 5&6) | -+| 48 | 69 | ma 


. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
. For conditions shown as MIN, or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device 


type. 
. Actual input currents = Unit Load x Input Load Factor (See Loading Rules). 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. loc is measured with pin 5 and 11 grounded and |x applied to pins 2 and 14. 
. lx is the current into the RxCx node to simulate Ry. 


TYPICAL PERFORMANCE CURVES 


Typical Normalized 
Output Pulse Width 
Versus Case Temperature 


Voc = 5.0V 
Cy = 1000pF 


Normalized Output Pulse Width 
Versus Operating Duty Cycle 


NORMALIZED OUTPUT PULSE WIDTH 


NORMALIZED OUTPUT PULSE WIDTH 


0.98 
0 10 20 30 40 50 60 70 80 90 100 
OPERATING DUTY CYCLE — % 


-20 0 20 
To — CASE TEMPERATURE — °C 


OP001280 OP001320 
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Am26S02 


Typical Normalized 
Output Pulse Width Versus Output Pulse Width 
External Timing Capacitance Versus Supply Voltage 


~ 
o 
x 


he = 25°C 


= 10kn Bru 


” 
— 
! 
x 
= 
2 
= 
ui 
2) 
a 
=) 
a 
= 
= 
a. 
ras 
= 
° 
| 
a 
Sal 


NORMALIZED OUTPUT PULSE WIDTH 


Cy - EXTERNAL TIMING CAPACITANCE — pF Vec — SUPPLY VOLTAGE — VOLTS 


OP001260 OP001270 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


[Parameters [Description | Test Conditions | win | Typ [ Max [Unto 
eee 4 eee ee 
Pe SO ee 
>) a aes 5S a ee eee 
SS ee 2 ee aa a ee 
Ten aRBucnin nunc cco koe 


Pie Be {2a eee ee eee to Q Rx = 5kQ, Cx = 0 pF 


2 HIGH or 11 LOW 
Pulse Width | lo LOW tol; HIGH 
co Se ae LOW 
a Clear tot oS (riety to Trigger 


Ri = 
Voc = 5.0 V, ee C. = 15 pF 
et el Rx = 10_kS Cx = 1000 pF (CKOS Type) 


iiss nctad he Cae Pas Viki oe Suda Meio ook OO] 
[aged scrocas of Timing Resistor 55°C to + 125°C es | oor we] 
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Am26S10/Am26S11 


Quad Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


@ Input to bus is inverting on Am26S10 

@ Input to bus is non-inverting on Am26S11 

@ Quad high-speed open collector bus transceivers 
@ Driver outputs can sink 100mA at 0.8V maximum 


@ Bus compatible with Am2905, Am2906, Am2907 
@ Advanced Schottky processing 
@ PNP inputs to reduce input loading 


GENERAL DESCRIPTION 


The Am26S10 and Am26S11 are quad Bus Transceivers 
consisting of four high-speed bus drivers with open-collec- 
tor outputs capable of sinking 100mA at 0.8 volts and four 
high-speed bus receivers. Each driver output is connected 
internally to the high-speed bus receiver in addition to being 
connected to the package pin. The receiver has a Schottky 
TTL output capable of driving ten Schottky TTL unit loads. 


An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected 
together for party-line operation. The enable input can be 
conveniently driven by active LOW decoders such as the 
Am25LS139. 


The bus output high-drive capability in the LOW state 
allows party-line operation with a line impedance as low as 
10022. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiv- 
er typical switching point is 2.0 volts. 


The Am26S10 and Am26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 
package also has two ground pins to improve ground 
current handling and allow close decoupling between Voc 
and ground at the package. Both GND; and GNDp should 
be tied to the ground bus external to the device package. 


LLS9culy/OLS9cWYy 


BLOCK DIAGRAM 


Am26S10 Am26S11 


BD001770 


RELATED PRODUCTS 


Description 


Quad Bus Transceiver : 
Quad Bus Transceiver 


Quad Three-State Bus Transceiver with Interface Logic 
Quad Three-State Bus Transceiver with Interface Logic 
Quad Three-State Bus Transceiver with Interface Logic 


04598A 
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Am26S10/Am26S11 


CONNECTION DIAGRAM 


Top View 


Vec 83 23 lg 


LOGIC SYMBOL 


4 5 11 13 


QUAD z 
TRANSCEIVER - 


Bo By B2 83 


LS000810 


Voc = Pin 16 
GND, = Pin 1 
GNDo2 = Pin 8 


WE 
5 


oe 


} 
a 


ar 


DIE SIZE 0.059” x 0.075” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26S10/11 D Cc B 

L_— Screening Option 
Blank — Standard processing 
B = Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M — Military (-55°C to +125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P-—16-pin plastic DIP 
X- Dice 


Device type 
Quad Bus Transceivers 


10-8 


Valid Combinations 


Am26S10 
Am26S11 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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CONNECTION DIAGRAM 


LLSOZWY /OLSOZWwY 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 
Am26S$11 


lo 14 12 '3 


Zo 
Am26S11 21 


QUAD Z2 
TRANSCEIVER 
23 


- Bo By Bg 83 


LS000800 


Voc = Pin 16 
GND, = Pin 1 
GND2 = Pin 8 DIE SIZE 0.059” x 0.075” 
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Am26S10/Am26S11 


oe - TRUTH TABLES 
Am26S10 Am26S11 


H = HIGH Voltage Level X = Don't Care L = LOW Voltage Level 
Y = Voltage Level of Bus (Assumes Control by Another Bus Transceiver) 


TYPICAL APPLICATION 


STROBE 


INPUTS INPUTS 


jo ty la 3 lo ty Io 43 


‘ Zo 20 
RECEIVER RECEIVER 2) RECEIVER 2; RECEIVER 
OUTPUTS OUTPUTS 22 OuTPUTS 22 OuTPUTS 


Bo 8; B82 83 Bo 8; B82 83 Bo 8, 82 83 Bo 8; B82 83 


1002 PARTY LINE OPERATION. 


AF001020 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-55°C to +125°C 


Storage Temperature 

Ambient Temperature Under Bias 

Supply Voltage to Ground Potential 
Continuous 

DC Voltage Applied to Outputs For 
High Output State 

DC Input Voltage 

DC Output Current, Into Bus 


-0.5V to +7.0V 


~0.5V to +Vcoc max 
-0.5V to +5.5V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


0°C to +70°C 
+4.75V to +5.25V 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


LLSozTw/oLsgzwy 


DC Output Current, Into Outputs ality of the device is guaranteed. 


(Except Bus) 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


veoh bee agi heh eas ca (Note jax | Unite 
Output HIGH Voltage Vien <A Was Ome eS 
(Receiver Outputs) 


Vin = Vitor Vin i ee ee ee es ae ee 
Output LOW Voltage Voc = MIN, lo, = 20mA Volts 
VOL (Receiver Outputs) Vin = Vit or Vin 
Input HIGH Level Guaranteed input logical HIGH 
¢ e Input LOW Level Guaranteed input logical LOW Volts 
IL (Except Bus) for all inputs 
Input Clamp Voltage — cage 
(Except Bus) Voc = MIN, lin =-18MA Volts 
| input LOW Current ee A a ae aR MS SETS 
n (Eoopt Bus ear Yur 0 Ces See i Oe 
Input HIGH Current 2 ees SS We Be 
(Except Bus) i ist alt ee 
Input HIGH Current ie os 
ee Output Short Circuit Current 


(Except Bus) ears 1e8® Ca ES 
Power Supply Current CC = MAX Fm sane Ge a RS 
oot (All Bus Outputs LOW) Enable = GND Coe ae ee ee 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2 For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am26S10/Am26S11 


Bus Input/Output Bimachadelice 


Cr 
rion =70ma | 042 |_07 | 
Par eee ace ae 
Fon=4oma [| oss [os | 

com [lo=7oma | | oaa 07 
a ee 


Output LOW Voltage 


Bus Leakage Current 


Monae a eee ers ee a a 


fe lecevernen [eee Spe ei aes eae 
a 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device 


type. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


TYPICAL PERFORMANCE CURVES 


Typical Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


SE7ag Bi 9 Sas? <2 Sistine a eae Br 


es igus = 70mA we 
0.4 F- —~ Bere Se 
‘gus =40mA 


0 tee 


-55 -35 -15 5° 25 45 “65 85 105 125 
Ty — AMBIENT TEMPERATURE - °C 


OP001370 


Voy — 8US OUTPUT VOLTAGE ~ VOLTS 


1.5 
-—55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


OP001380 


Vz — RECEIVER THRESHOLD VOLTAGE — VOLTS 
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SWITCHING TEST CIRCUIT 


> 
| 
e 
met 
i=) 
~ 
> 
3 
RO 
o 
” 
— 
ae 


ALL DIODES 
1N916 OR 
EQUIVALENT 


TCO000900 


Note 1. Includes Probe and Jig Capacitance. 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 
Description [Test conditions| Min | Typ | Max [Units 


tone 
Data Input to Bus 
Am26S11 

. Rp = 502 
saan a2 Se Na 
a ae Enable Input to Bus 

ba Am26S11 
BEE BES das 
eo Se Aig = 500, AL = 280.9 a Se 
eer ee 
See es ae ees ee Rg = 502 Pe ee ee 
eee Ca = 50 pF (Note 1) [2a [40 


Note 1. Includes probe and jig capacitance. 


WAVEFORMS 


Am26S10 
| INPUT 


E INPUT 


B TEST POINT 


Z TEST POINT 


Vou 
WF002290 
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Am26S10/Am26S11 


Se 
ae ” feet 


Am26S10/Am26S11 SCHEMATIC DIAGRAM _ 


y 


TO OTHER 
THREE DRIVERS 


Voc =Pin16 
GND, = Pin 1 
GND92 =Pin8 


—_——— =< Connect for AmM26S10 che 
1,8 Remove Ry, Q1, 0, for Am26S10 


IC000400 
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Am26S12/Am26S12A 


Quad Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


@ Quad high-speed bus transceivers 
@ Driver outputs can sink 100mA at 0.7V typically 


@ Choice of receiver hysteresis characteristics 


GENERAL DESCRIPTION 


The Am26S12/Am26S12A are high-speed quad Bus 
Transceivers consisting of four high-speed bus drivers with 
open-collector outputs capable of sinking 100mA at 0.7 
volts and four high-speed bus receivers. Each driver output 
is brought out and also connected internally to the high- 
speed bus receiver. The receiver has an input hysteresis 
characteristic and a TTL output capable of driving ten TTL 
loads. 


An active LOW, two-input AND gate controls the four 
drivers so that outputs of different device drivers can be 
connected together for party-line operation. The enable 
inputs can be conveniently driven by active LOW decoders 
such as the Am54S/74S139. 


The high-drive capability in the LOW state allows party-line 
operation with a line impedance as low as 10022. The line 


can be terminated at both ends, and still give considerable 
noise margin at the receiver. The hysteresis characteristic 
of the Am26S12 receiver is chosen so that the receiver 
output switches to a HIGH logic level when the receiver 
input is at a HIGH logic level and moves to 1.4 volts 
typically, and switches to a LOW logic level when the 
receiver input is at a LOW logic level and moves to 2.0 volts 
typically. This hysteresis characteristic makes the receiver 
very insensitive to noise on the bus. 


The Am26S12A is functionally identical to the Am26S12 but 
has a different hysteresis characteristic so that the output 
switches with the input being typically at 1.2 volts or 2.25 
volts. In both devices the threshold margin, the difference 
between the switching points, is greater than 0.4 volts. 


DIAGRAM 


BD001800 


RELATED PRODUCTS 


| Part No. | Description 


Quad Bus Transceiver 
Quad Bus Transceiver 


Quad Three-State Bus Transceiver with Interface Logic 
Quad Three-State Bus Transceiver with Interface Logic 
Quad Three-State Bus Transceiver with Interface Logic 
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05395A/05396A 
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Am26S12/Am26S12A 


CONNECTION DIAGRAM 
Top View 


CD004070 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 


Bo Vcc 83 
1 16 15 
| 


2.5 11.14 
o e 
E lo 4 !2 |3 


Zo 
Am26S12 © Am26S12A 2 
Z2 
23 


QUAD 
TRANSCEIVER 


Bo B; B82 83 


LSO00860 
Voc = Pin 16 
GND = Pin 8 


ORDERING INFORMATION 


158229 
E GND E 


DIE SIZE: 0.071” x 0.072” 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 


Device number, speed option (if applicable), package type, operating range and 


Am26S12/12A D Cc B 
l— Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M —Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice ; 


screening option (if desired). 


Valid Combinations 


Am26S12 
Am26S12A 


Valid Combinations 


: Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad Bus Transceivers combination you wish. 
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Am26S12/26S12A APPLICATION 


ADDRESS 
STROBE 


Ao Ay 


1/2 Am54S/74$139 


INPUTS 


INPUTS INPUTS © INPUTS 


fg '1 I2 


1g $1 19°13 


RECEIVER RECEIVER RECE:VER RECEIVER 
Am26S12/26S12A OuTPUTS Am26S12/26S12A OUTPUTS Am?26S12/26S12A 2> OuTPUTS Am?6S12/26S12A zn OUTPUTS 
+5V 8, 8 89 8; Bp By +SV 


2 8- g ey : 
‘e O O © eo « O % O O O C) | 


AF001030 


100N PARTY LINE OPERATION 
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RO 
oa 
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— 
NO 
~ 
> 
3 
nd 
oO 
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Am26S12/Am26S12A 


ABSOLUTE MAXIMUM RATINGS — OPERATING RANGES 


Storage Temperature .....................e0e: -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias....... -55°C to +125°C SMEG, 5 oe c0* 5 vex odusstscccxcuiesdevstal eps 
Supply Voltage to Ground Potential PURNINE VONMOG:. <. <5 i150 se scvaseareessacas 

(Pin 16 to Pin 8) Continuous............ ne 
DC Voltage Applied to Outputs For 

PRON -OUWN Stt6 ooo 6... es cancers 
Ee IL WONRENG Ss ig os cc sa ncuctavcinenastucntas 
DC Output Current, Into (Bus) ................c.c cece ee ee 
DC Output Current, Into Outputs 

NCTE se os 5s ese Saks cas awd waeveadidss cucussaezanees 
Er WIG AMORA: o> ok ode otiss saennpeteoneies 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
POA 5S ooo E55 ces casted oegeces -55°C to +125°C 
SPURMI V OUOG soos. wncocs cavssscssiusencs sun's +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


(Note 1) 


(ow coeoned (warm ee 


Voc = MAX or OV; 


Driver Characteristics 


[cot [i= toma | ——*d| or | 08 | vote | 
vos MN — = 
ee eee ee 
Cll ho eee ee aS Voli 
im ie Volts 
TW [input Clamp Votage —~| Voo=MIN,Iw==iema i Volts 


Input Current a = 

a at Maximum Input Voltage Voc = MAX, V) = 5.5V | eee 
Unit Load = cs 

eo Input HIGH Current Voc = MAX, V| = 2.4V ee 
Unit Load = is 

oe Input LOW Current Voc = MAX, Vi = 0.4V eS 


Receiver Characteristics 


ak pg se 
ean we 
ee | 
nce 
ie 


Volts 


Volts 


Volts 
Volts 


ten ogee 
Am26S12 Ee 
Input LOW Level Threshold |E=H [—sesina oes ae 


Input Threshold Margin 
Output Short Circuit Current Voc = MAX, Vout = 0.0V ge eee 


Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. For the Am26S12FM, Am26S12AFM the output current must be limited at 60mA or the maximum case temperature limited to 125°C 
for correct operation. 


3 
> 


3. Hysteresis characteristics data tested at 25°C only. 


SWITCHING CHARACTERISTICS (Ta = +25°C, Voc = 5.0V) 


Description Conditions 


Turn Off Delay Input to Bus Cig = 15pF, Rig = 1002 weer, 
Turn On Delay Input to Bus Cip = 300 pF, Rip = 502 Eee 
Turn Off Delay Enable to Bus Cip = 15 pF, Rig = 502 aa 


Turn On Delay Enable to Bus Cip = 15 pF, Rip = 502 
Turn Off Delay Bus to Output Cy = 15 pF 
Turn On Delay Bus to Output C. = 15 pF 
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£2 ee 


Am26LS27/Am26LS28 


Dual EIA RS-485 Party Line Transceivers 


DISTINCTIVE CHARACTERISTICS 


Dual EIA RS-aaa party line transceiver ® High Z output at Voc = max. and zero 

5MHz max. baud rate ®@ Separate enable gating for serial applications (27LS27) 
Drives dual terminated twisted pair line with up to @ Three state receiver outputs with common enable 
32 transcievers on line (26LS28) 

Output short cicuit protected to Vcr limits 


82S 19TWIY/ZeS 1I9TWYy 


BLOCK DIAGRAM 
Am26LS27 | Am26LS28 


BD001710 


©D002050 — CD002040 


Note: Pin 1 is marked for orientation 


05390A/05391A 
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Am26LS29 


s oe ey H ae es apes 
sep a 


~ Am26LS29_- 


Quad Three-State Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


Four single ended line drivers in one package for 
maximum package. density 

Output short-circuit protection 

Individual rise time control for each output 

High capacitive load drive capability 

Low Icc and IEE power consumption (26mW/driver typ.) 
Meets all requirements of RS-423 

Three-state outputs for bus oriented systems 


@ Outputs do not clamp line with power off or in hi- 
impedance state over entire transmission line voltage 
range of RS-423 
Low current PNP inputs compatible with TTL, MOS and 
CMOS 
Available in military and commercial temperature range 
Advanced low power Schottky processing 


GENERAL DESCRIPTION | 


The Am26LS29 is a quad single ended line driver, designed 
for digital data transmission. The Am26LS29 meets all the 
requirements of EIA Standard RS-423 and Federal STD 
1030. It features four buffered outputs with high source and 
sink current, and output short circuit protection. 


A slew rate control pin allows the use of an external 
capacitor to control slew rate for suppression of near end 
cross talk to receivers in the cable. 


The Am26LS29 has three-state outputs for bus oriented 
systems. The outputs in the hi-impedance state will not 
clamp the line over the transmission line voltage of RS-423. 
A typical full duplex system would use the Am26LS29 line 
driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS29 line 
drivers with only one enabled at a time and all others in the 
three-state mode. 


The Am26LS29 is constructed using advanced low-power 
Schottky processing. 


BLOCK DIAGRAM 


INPUT B 


INPUT C 


SR CONTROL A 


SR CONTROL B 


SR CONTROL C 


SR CONTROL D | 


ENABLE 


BD001730 


RELATED PRODUCTS 


Description 


26LS30 
26LS32 
26LS33 


Quad Differential Line Receiver 
Quad Differential Line Receiver 


Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


04599A 


10-20 Refer to Page 13-1 for Essential Information on Military Devices 


CONNECTION DIAGRAM 
Top View 


SLEW RATE 
161 | CONTROL A 


INPUT AT} 2 


INPUT B] [3 14] | OUTPUT B 


SLEW RATE 
131 | conTRoL B 


SLEW RATE 
12 
ed CONTROL C 


11 | OUTPUT C 


Am26LS29 


input c [16 


SLEW RATE | 
91 controt b 


-CD002060 


- Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


SLEW RATE 
INPUTA Voc CONTROL A 


15 
OUTPUT A 


SLEW RATE 
CONTROL B 


12 
SLEW RATE 
CONTROL C 
11 
OUTPUT C 


10 

7 8 8 OUTPUT D 
INPUT D Vee SLEWRATE 
CONTROL D 


DIE SIZE 0.070” x 0.094” 


GND 


INPUT C 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


Am26LS29 


Am26LS29 D Cc B 
L— Screening Option 
Blank — Standard processing 
B — Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 

F-16-pin flatpak 

P—16-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Quad Single Line Driver combination you wish. 
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6cS 19cwWy 


Am26LS29 


1/4 
Am26LS29 


TYPICAL APPLICATION 


COMMON GROUND 
RETURN 


DATA 
OUTPUT 


10-22 


DATA 
OUTPUT 


AF001260 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .................cceceeee -65°C to + 150°C 
Supply Voltage 

SE eee To onk bien cadncsepesy Dik CET tes eked OL 7.0V 

We riigrtn eg te Oee eak oo se -7.0V 
POWOr DIGRIIAMION 5505s. eek oan ss oe scene 600mW 
SPN VORA oo occ coon cecgs eases si -0.5 to +15.0V 
Output Voltage (Power Off)......... Pee) ie, PRE eRe oe +15V 
Lead Soldering Temperature (10) seconds) ............ 300°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions 

Vo 

Yo Output Voltage Rx. = (Note 3) 
VT 

Vi Output Voltage Ry, = 4502 


Negative Supply Current Vin = 0.4V, Ry = 9% 


Off State (High Impedance) Voc = MAX 
Output Current 


High Level Input Voltage ' 


Vin = 0.4V 


VIN = 2.4V 


Vo =-10V 
VIN = 2.4V 


Vo = 10V 
Vo =-10V 


Vi mines |. 


VIN = 2.4V 
High Level Input Current Vin<15V 


eel na Gate 
Input Clamp Voltage lin =-12mA 


OPERATING RANGES 


Commercial (C) Devices 


TOOPOUNG eo Si se cs cos 0°C to +70°C 
Supply Voltage (Vcc) ...........0ceeeeee +4.75V to +5.25V 
ey a a -4.75V to -5.25V 

Military (M) Devices 
TOMPOFAtUNGS 5o....oidivscdssccdstNercies -55°C to + 125°C 
Supply Voltage (VOC) ..........ceseeceeeees +4.5V to +5.5V 
2) [Serre ee a -4.75 to -5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


Notes: 1. Typical limits are at Vcc = 5.0V, Veg =-5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
3. Output voltage is +3.9V minimum and -3.9V minimum at -55°C. 


TYPICAL PERFORMANCE CURVES 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


1k 


RISE TIME — psec 


Stim inaias 
peers ame me 
Ste anit 0 eo Sab 
bf 37] Seas 


irom “ee 
BIE Ee Me 2S eee 


SBA RE SE aa beth, Be SE 


‘es Sele 
Poors oy tte 4 
ode SyoloeHe let TTT | 
Be Eo SS USS seo 


a Be FS CR ROSE a 

Pataldtol ob fer tt 

Art ttt et 
100 


1k 


CAPACITANCE — pF 


OP001290 
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Am26LS29 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 


OUTPUT 


WF002270 


Figure 1. Rise Time Control. 


SWITCHING TEST CIRCUIT : SWITCHING TEST WAVEFORM 


(INPUT A HIGH) 


aaa —>|tezL|=—0.3 Vgg/R,_ 
(INPUT A LOW) 


WF002260 


Figure 2. Three State Delays 
SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V, Vee = -5.0V) 


CE = cece ee 
Se Slow Rate Coefficient __——=~”~S~S=«d;Cy = 450.2, ©, = S00PF, Fig. 1 Pes eee ca 
Rcwmaccoum ces oamee | TELS 
ae oats a age ee ee Ree 
Rca crac omres | Pa 


04599A 
10-24 Refer to Page 13-1 for Essential Information on Military Devices 


Am26LS29EQUIVALENT CIRCUIT 


TO OTHER 
THREE ORIVERS 


§ 
ezSt9zwy 


2 AINPUT 
(3) 8 INPUT 
(6) C INPUT (12) C SLEW 
(7) 0 INPUT (9) OSLEW 


IC000240 
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Am26LS30 


Am26LS30 


Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


Dual RS-422 line driver or quad RS-423 line driver 
Driver outputs do not clamp line with power off or in hi- 
impedance state 
Individually three-state drivers when used in differential 
mode 
Low Icc and IEE power consumption 
RS-422 differential mode 35mW/driver typ. 
RS-423 single-ended mode 26mW/driver typ. 


Individual slew rate control for each output 

502 transmission line drive capability (RS-422 into 
virtual ground) 

Low current PNP inputs compatible with TTL, MOS and 
CMOS 

High capacitive load drive capability 

Exact replacement for DS16/3691 

Advanced low power Schottky processing 


GENERAL DESCRIPTION 


The Am26LS30 is a line driver designed for digital data 
transmission. A mode control input provides a choice of 
operation either as two differential line drivers which meet 
all of the requirements of EIA Standard RS-422 or four 
independent single-ended RS-423 line drivers. 


In the differential mode the outputs have individual three- 
state controls. In the hi-impedance state these outputs will 
not clamp the line over a common mode transmissin line 
voltage of +10V. A typical full duplex system would be the 


Am26LS30 differential line driver and up to twelve 
Am26LS32 line receivers or an AmM26LS32 line receiver and 
up to thirty-two Am26LS30 differential drivers. 


A slew rate control pin allows the use of an external 
capacitor to control slew rate for suppression of near end 
cross talk to receivers in the cable. 


The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 


BLOCK DIAGRAM 


Logic for Am26LS30 with 
Mode Control HIGH (RS-423) 


SR CONTROL A 


SR CONTROL B 
OUTPUT B 
SR CONTROL C 
OUTPUT C 
SR CONTROL D 


OUTPUT D 


MODE 
CONTROL 


BDO001750 


Logic for Am26LS30 with 
Mode Control LOW (RS-422) 


SR CONTROL A 
OUTPUT A 
OUTPUT B 
SR CONTROL B 
SR CONTROL C 
OUTPUT C 
OUTPUT D 


SR CONTROL D 
ENABLE C 


MODE 
CONTROL 


BD001740 


RELATED PRODUCTS 


| Part No. | Description 


26LS29 
26LS32 
26LS33 


Quad Differential Line Receiver 
Quad Differential Line Receiver 
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Quad Three-State Single Ended RS-423 Line Driver 


04600A 
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CONNECTION DIAGRAM 


Top View 


SLEW RATE 
1 
na Be CONTROL A 


INPUT/ENABLE B | 43 


14] | OUTPUT B 


SLEW RATE 
i CONTROL B 
SLEW RATE 
1 
a CONTROL C 


Am26LS30 


INPUT/ENABLE C[ 16 


11[ | OUTPUT C 


10 | | OUTPUT D 


SLEW RATE 
9} J contRoL D 


CD002070 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


SLEW RATE 


INPUT A Voc CONTROL 


INPUT/ 
ENABLE B 
4 

MODE 


5 
GND 


6 
INPUT/ 
ENABLE C 


INPUT D Veg 


A 


15 
OUTPUT A 
14 

OUTPUT B 
13 

SLEW RATE 
CONTROL B 
12 


SLEW RATE 
CONTROL C 


11 
OUTPUT C 
10 
OUTPUT D 


SLEW RATE 


CONTROL D 


DIE SIZE 0.070” x 0.094” 


: ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS30 
L— Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M -Military (-55°C to +125°C) 


Package 

D- 16-pin CERDIP 
F-16-pin flatpak 
P-—16-pin plastic DIP 
X- Dice 


Device type 
Dual Differential Line Driver 


10-27 


Valid Combinations 


Am26LS30 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


04600A 
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oeS T9cuUIyY 


Am26LS30 


Am26LS30 FUNCTION TABLE 


DATA 


e © 
THREE-STATE THREE-STATE THREE-STATE 


ENABLE ENABLE ENABLE 
DATA 
ENABLE ENABLE ENABLE 


Am26LS30/32 Am26LS30/32 Am26LS30/32 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 


Storage Temperature 
Supply Voltage 


Power Dissipation 

Input Voltage -0.5 to +15.0V 
Output Voltage (Power Off) ...............ccccceeeeeeeeeenees +15V 
Lead Soldering Temperature (10 seconds) 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage (Vcc) 


Military (M) Devices 
Temperature 
Supply Voltage (Vcc) 


-55°C to +125°C 
+4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


osstozwy 


at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
EIA RS-422 Connection, Mode Voltage <0.8V 


i cai cuit aude Mie ote Sc | 
Vw=20v | ‘| 36 | 60 | Vole 
Differential Output Voltage, Va, B Ap =o 


Parameters 


< 
Hf 


bp 
© 


% Tvw=osv | | -36 | 60 | Volts 
eyes Vw=20v | 20. | 24 | | Vole | 
Vi pennant sits Nobeoee- cw 100 Vneee a] 20 Tevet nae Oe 

[Vos Vos | Common Mode Offset Votags—=~SCidtAu=toom——s—Ct*=‘“‘C;SNC*rLSO€#*#C#*SS 25 ~~ 80 '| Volts 
IVrI-I¥rl | Ditference in Differential Output Volage [=t00R ——=—Ss«T—=—SSsS~Ci*dt =i 
'Vosi-IVOSI | Ditference in Common Mode Offset Voltage |Ai=1002 ——=—S«dT~=SStCSC*d;Cit SYS 

ie ee ee a 

Te ee es 

Spi : see es a CR 

aig fae ee ee VomR =~ 10V tomo een 

oft State (High | ce a eae See 
oe Output Current Moor Wi teeeewn | Le 
| Voa=eov | —+| 60 | 160 (| ma 

. ne vee | | | 

Rua Anos cae Dacian Woasov | dT | 

ee et te oe 

a ee Ses Se se ee ee 

va (iodine ee ee eo | 

ea Se ee a ee ee 
ay ae eee age a ee 
int: toe ane Goren Wao Ge | ee 

i [tow Level Input Curent dev TCT C0020 

a kee Cem Vege eet re 
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Am26LS30 


DC CHARACTERISTICS over operating range unless otherwise specified 
EIA RS-423 Connection, Mode Voltage > 2.0V 


Pemeee | onewin soncmom | om [| om | 
Nool= Meel=47ev__ [vw=0av_ | =40_ | -aa_ [80 | Vos 

v1 A= 4500 wweeav [38 [aa [| Vos 
Nocl= Weel=47ev_ [Vw=av__[-86 | an [Vo 
ool Neel A= 450 | 


Vo=6.0V 
Output Leakage Power Off Voc = Veg = OV Vo =-6.0 

Is + ais VIN = 2.4V 

is Output Short Circuit Current Vo = OV Vin = 0.4V 

C 


Brees 
eee 
: Pagers Ss 
ect 

| Isuew _| Slew Control Current =| Vsiew=Veet+O.9V = =— i Cid 
loc. _| Positive Supply Curent. | Vip 04V, Ala 
| Ie __| Negative Supply Current _| Vin=0.4V, PL=e 
You; 1 Sigh Level pt Voltianas. |i. i, pacittncny ieee! | pean 
ct ay hes A Ca dL 
Bees 

ae — 
= ae ae See 
eee ae 


3 Vin = 2.4V 
High Level Input Current Vin <15V 


Hie Low Level Input Current Vin = 0.4V 
Input Clamp Voltage lin =-12mA 


Notes: 1. Typical Imits are at Vcc = 5.0V, Veg =-—5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
3. Output voltage is +3.9V minimum and -3.9Vminimum at -—55°C. 


PERFORMANCE CURVE 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


“oo 
Gas a oa 
ft} th A 
CHIH 

BRA eS GRE e ae a 
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- 
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EIA RS-423 CONNECTION 


oes 19cwy 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 


INPUT ty < 10ns 


OUTPUT . 


WF002270 
TC000940 
Figure 1. Rise Time Control for RS-423. 


RS-422 CONNECTION 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 


OUTPUT 
OUTPUT 


*TEK CTR 
CURRENT TRANSF. 
OR EQUIVALENT 


WF002310 


TC000930 


*Current probe is the easiest way to display a differential waveform. 
Figure 2. 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 


(INPUT A HIGH) 


— teLz = OUTPUT) =—- —|tpzL}=—0.3 Vgc /R,_ 
*TEK CTR 
CURRENT TRANSF. GNRGT A LOW) 05 Veit 
OR EQUIVALENT 0.1 Vss/R 5 Vso/R, 


WF002260 
TC000920 


Figure 3. Three State Delays. 
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Am26LS30 


SWITCHING CHARACTERISTICS 
EIA RS-422 Connection, Vcc = 5.0V, Veg = GND, Mode = 0.4V, Ta = 25°C 


Py | Ditrential Outed Flee Time Fig. 2, A= 1000, 6 = 600 pF = F420 | 200 | ne | 


Differential Output Fall Time Fig. 2, Ri = 100 22, C, = 500 pF 
agi NS Output Propagation Delay Fig. 2, Ri = 100 2, Cy = 500 pF 
Output Propagation Delay Fig. 2, Ri = 100 22, C, = 500 pF 


eee) 
|_| 120 | 200 | 
P| 120 | 200 | 
Rome acwe arenes tate 
Output Enable to Output Beiss 350 
Be |__|_180 | 300 | 


RL = 4502, CL = 500 pF, Co =0 pF, Fig. 3 


Notes: 1. Typical limits are at Vcc = 5.0V, Vee = GND, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-422 where applicable. 
3. Ri connected between each output and its complement. 


SWITCHING CHARACTERISTICS 
RS-423 Connection, Vcc = 5.0V, Veg = -5.0V, Mode = 2.4V, Ta = 25°C 


R F Fig. 1, Rp = 450 2, Cy = 500 pF 

rete eT mem ance eae eee 
Fall T Fig. 1, Ry = 450 2, C; = 500 pF 

ee a lt cee ee eee 


| Src ——| Slow Rate Coefficient | Fig. 1, RL = 450.2, C_ = 500 pF eee FS eS 
ipo | Output Propagation Delay Fig. 1, R= 450.9, C1 = 600pF Co=0 [| 180 [300 | ns 
Output Propagation Delay Fig. 1, Au = 4509, 1 =500 pF, Co=0 [180 | 300 | ns 


Am26LS30 EQUIVALENT CIRCUIT 


oS 
(14) 8 OUT 
{11)C OuT 
(10) 0 OuT 


CS 
4 (7) 0 INPUT (13) A SLEW 


(12) C SLEW 
(9) O SLEW 


16 A SLEW 


1C000230 
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Am26LS31 


Quad High Speed Differential Line Driver 


DISTINCTIVE CHARACTERISTICS 


Output skew - 2.0ns typical 

Input to output delay - 12ns 

Operation from single +5V supply 

16-pin hermetic and molded DIP package 

Outputs won't load line when Voc = 0 

Four line drivers in one package for maximum package 
density 


Output short-circuit protection 

Complementary outputs 

Meets the requirements of EIA standard RS-422 
High output drive capability for 1002 terminated trans- 
mission lines 

Available in military and commercial temperature range 
Advanced low-power Schottky processing 


GENERAL DESCRIPTION 


The Am26LS31 is a quad-differential line driver, designed 
for digital data transmission over balanced lines. The 
Am26LS31 meets all the requirements of EIA standard RS- 
422 and federal standard 1020. It is designed to provide 
unipolar differential drive to twisted-pair or parallel-wire 
transmission lines. 


The circuit provides an enable and disable function com- 
mon to all four drivers. The Am26LS31 features 3-state 
outputs and logical OR-ed complementary enable inputs. 
The inputs are all LS compatible and are all one unit load. 


The Am26LS31 is constructed using advanced low-power 
Schottky processing. 


BLOCK DIAGRAM 


ENABLE ENABLE 


Vec OUTPUT OUTPUT 
D+ D- C+ 


OUTPUT OUTPUT 


INPUT 
Cc 


OUTPUT OUTPUT OUTPUT OUTPUT 
C- Bt B- At A- 


BD001590 


RELATED PRODUCTS 


26LS30 


Description 
Dual Differential RS-422 Party 


Line/Quad Single Ended RS-423 Line Driver 
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Am26LS31 


CONNECTION DIAGRAM 
Top View 


CD003070 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


+5.0V 


INPUT A 1 INPUT D 


CHANNEL A . ) ST Zi vel. CHANNEL D 
OUTPUTS ian! ee OUTPUTS 


ENABLE aay wa 5 ENABLE 


CHANNEL B (a 4) CHANNEL C 
OUTPUTS ramekree PMs. OUTPUTS 


INPUT B INPUT C 


DIE SIZE 0.067” x 0.084” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the ichening: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS31 D Cc B Valid Combinations 


= Screening Option 
Blank — Standard processing 
B — Burn-in Am26LS31 


Temperature (See Operating Range) 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 
D- 16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice Valid Combinations 
Consult the AMD sales office in your area to 


Device type : ; determine if a device is currently available in the 
Quad Differential Line Driver combination you wish. 
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TYPICAL APPLICATION 


> 
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rr 
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aces 


SHIELO OR COMMON GROUND RETURN 


BD002080 
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Am26LS31 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature Range -65°C to + 150°C Commercial (C) Devices 
MDE Ne oc ve we dae este sc 7.0V Temperature 
Te VON 5a oes nnd egeih cs nase 7.0V Supply Voltage 


Output Voltage Ju DARED seule Ons Cet eeLERG Ca cs eis coos pene ein week ene 5.5V Military (M) Devices 


Stresses above those listed under ABSOLUTE MAXIMUM Temperature -55°C to + 125°C - 


RATINGS may cause permanent device failure. Functionality Supply Voltage .... sees +4.5V to +5.5V 
at or above these limits is not implied. Exposure to absolute Operating ranges define those limits over which the function- 
maximum ratings for extended periods may affect device ality of the device is guaranteed. 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions (Note 2) Min Pig | Max | Unite 


Output HIGH Volage Voo= Min, lon ==20mA ue ee as 
Output LOW Voltage Voo= Min, lou = 20mA ae ae eee 
input HIGH Voltage 


[Vu [input LOW Vottage _‘[Voc=MaxSSSCSC~—“—~S~SCS 
Voc = Max, Vin= OAV 
Tm [Input HIGH Curent | Voc=Max, Vin=27V 


poe Bec bee 
pene, 

a eee 
eee! 

= eee Ree 
fe [eres [ecw SREP 
Output Current Oo ee Se 

| Mi Input Clamp Voltage | Voc = Min, in=t8mA | 
| lsc___| Output Short Circuit Current |Voc=Max T= 
| icc __| Power Supply Current | Voc =Max, all outputs disabled =| 
| teu | Input to Output. | Voc = 5.0V, Ta= 25°C, Load=Note2 | 
| teu. | Input to Output_ | Voc = 5.0V, Ta= 25°C, Load=Note2 | 
| SKEW | Output to Output | Voc = 5.0V, Ta=25°C, Load=Note2 | 
| uz | Enable to Output, | Vcc = 5.0V, Ta= 25°C, Cu=10PF | 
| tHz (| Enable to Output, | Voc = 5.0V, TA= 26°C, Cu=t0pF_ | 
| tz | Enable to Output | Voc = 5.0V, Ta= 25°C, Load=Note2 | 
| tzH_ | Enable to Output | Voc = 5.0V, Ta = 25°C, Load = Note 2 ee a 


Notes: 1. All typical values are Voc = 5.0V, Ta = 25°C. 
2. Cy. = 30pF, Vin = 1.3V to Vout = 1.3V, VpuLseE = OV to +3.0V, See Below. 


PERFORMANCE CURVES 


Guaranteed Von and Voi 
(Ta =-55°C to + 125°C) Vout Versus Vcc 


Tone vec=507, 
gee (hace Kaas SE See Cas se 


wee Vou @ Vcc = 4.5V 


e 
- 
° 
2 
- 
> 
i) 
> 


Voc (VOLTS) 


PIN 4 <O.8V, PIN 12 > 2.0V 

Ry = 10k2 TO GROUND 

AREA INSIDE ENVELOPE 

IS LOW IMPEDANCE. (~502) 
——— AREA OUTSIDE ENVELOPE 
ie aac RE a SS IS HIGH IMPEDANCE (>1/4M2) 


0 4.0 8.0 12 16 20 1.0 2.0 3.0 4.0 
lot OR —Igp (mA) Vout (VOLTS) 


OP001440 OP001310 
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SWITCHING TEST CIRCUIT PROPAGATION DELAY 
FOR THREE-STATE OUTPUTS | (Notes 1 and 3) 


INPUT 
TRANSITION 


FROM OUTPUT 


tp 
UNDER TEST si 


Cy INCLUDES 
PROBE AND JIG 
CAPACITANCE 


PHL tPLH + 
WF002390 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 


ENABLE _ 
INPUT 


OUTPUT 
NORMALLY 
LOW Sy» OPEN 


OUTPUT 
NORMALLY ¢ ~15V 
HIGH S1 OPEN) a 


WF002380 


Notes: 1. Diagram shown for Enable LOW. 
2. S; and So of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate < 1.0MHz; Zp = 5022; tr < 15ns; ts <6.0ns. 
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Les T9cwy 


Am26LS31 


Tpedes eat <r 


EQUIVALENT CIRCUIT (1/4 Am26LS31) 


TO OTHER 
THREE 
ORIVERS 


Rao 
(FEED THRU) 


1C000310 
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Am26LS32/Am26LS33 


Quad Differential Line Receivers 


DISTINCTIVE CHARACTERISTICS 


Input voltage range of 15V (differential or common 
mode) on Am26LS33; 7V (differential or common mode) 
on Am26LS32 
- +0.2V sensitivity over the input voltage range on 
Am26LS32; 
- +0.5V sensitivity on Am26LS33 
®@ 6k minimum input impedance with 30mV input fiJtoresis 


@ The Am26LS32 meets all the requirements of RS-422 
and RS-423 

@ Operation from single +5V_ supply 

@ Fail safe input-output relationship. Output always high 
when inputs are open 

@ Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus. 


GENERAL DESCRIPTION 


The Am26LS32 is a quad line receiver designed to meet 
the requirements of RS-422 and RS-423, and Federal 
Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 


The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range of +7V. 


The Am26LS33 features an input sensitivity of 5010mV over 
the input voltage range of +15V. 


The Am26LS32 and Am26LS33 provide an enable and 
disable function common to all four receivers. Both parts 
feature 3-state outputs with 8mA sink capability and incor- 
porate a fail safe input-output relationship which keeps the 
outputs high when the inputs are open. 


The Am26LS32 and Am26LS33 are constructed using 
Advanced Low-Power Schottky processing. 


BLOCK DIAGRAM 


ENABLE ENABLE IND+ =INO 


OUTPUT OD 


INc+ INco 


OUTPUT C 


INg+ INg_ INa+ iNa 


OUTPUT 6B OUTPUT A 


BD001640 


RELATED PRODUCTS 


Description 


26LS29 
26LS30 
26LS31 
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Quad Three-State Single Ended RS-423 Line Driver 
Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
Quad High Speed Differential Line Receiver 


05393A/05394A 
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Am26LS32/Am26LS33 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS32/33 D Cc 


Valid Combinations 


B 

L_ Screening Option 
Blank — Standard processing Am26LS32 
B - Burn-in Am26LS33 


Temperature (See Operating Range) 


C —Commercial (0°C to + 70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 

F-16-pin flatpak 

P-16-pin plastic DIP 

X- Dice Valid Combinations 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Quad Line Receivers combination you wish. 
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ABSOLUTE MAXIMUM RATINGS 


Supply VOHNAGE ...............0:20cccvesceeaseOggets pasty Sepaelon 7.0V 
Commom Mode Range ..............cceseeeeeseeseeeeeeeenees +25V 
Differential ‘input Voltage ..............0.0..scuenedewedea ree ei +25V 
RENE INI rio av onc vice nen adn cee ccabeapihonssbssescoscusenas 7.0V 


CUM MIE INI Se AMIIIOTAL occ oc ooo odes vn cvckoe basset nuiasnacdapee 50mA 
Storage Temperature Range 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Note: 1. All typical values are Voc = 5.0V, Ta = 25°C. 


SWITCHING TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


FROM OUTPUT 
UNOER TEST 


Cy, INCLUDES 
PROBE AND JIG 
CAPACITANCE 


ALL DIODES 
\/ 1N916 OR 
1N3064 


INPUT 
TRANSITION 
O 
$2 


TC000841 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters Description Test Conditions Typ 
(Note 1) 
ea Differential Input Voltage Vout = Vor or Vou 


PROPAGATION DELAY 
(Notes 1 and 3) 


Voc 
kN 
ouTeur ————= - —_____—- 
eae 


—-— _ 


7 =. 1 OV 


OPERATING RANGES 


Commercial (C) Devices 


WPT sca sacc scons ss te pecan eakl vecnssers 0°C to +70°C 

SRURNY NOUR 5.0055... 0000scesereceers +4.75V to +5.25V 
Military (M) Devices 

POI IUNG ooios cccca dhs 0s caacteperesavecess -55°C to +125°C 

SO VORRIO fo orossi ei icilbees ates ects +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


TAmbelsee, WV <Vom<+7~V | -02 | 2008 | +02 | 


vr ) Ang6i899, -T8V<Vom <+16V_| -05 | 012 | +05 | Vols 
[In| input Resistance + =18V<Vow<+15V (One input AC ground) =| 0 -| e8 | | wa | 
Ty | Input Current (Under Tes) | Viv= + 15V, Other input -18V<Vn<+iev «| | «| 28m 
Tin | Input Current (Under Test) | Vin=-18V, Other Input -16V<Vin<visv | S| «| 28 | ma 
Genie ees a i ee ee Te ee es 
VOH Output HIGH Voitage VENABLE = 0.8V, Ion =-440nA Ss Be Ss ee Volts 
Voc = Min, AViN=~1.0V bo a pid ae GE Ob 
You apt LOM Yolinge VENABLE = 0.8V CS na aia iY 
Tcl ci aM Neco ny giascremaO OB 
Wa [eee AGH Wetage | eee Sema SUSI omy oven gry ea OT vine 
Veena acim peeves eae ore ve | 
Off-State (High Impedance) | y= shay OREN. che eit subti canis RD |, 
Output Current oc CC a aS ee BRS 2 
SS Ee 
it | Enable HIGH Curent [weenie Noose —s=siédd)sSs | | a 
ieee tiem (ner a ee ee 
iso | Output Short Grout Curent | Vo=0V, Voo=Max AVw=+iov—SSSCS*d;SC tS | 80+] 05 | mA 
ios [Power Supply Current | Voc=Max, All Vin=GND, Outputs Disabled ‘| «| _s2_| 70 | ma | 
[“Vaver | put Hysteresis _____—‘([Ta= 260, Voc=60V. Vom=V |S 8 
teu | input to Output + Ta= 26°C, Voc =5.0V, O = 16pF, soe test cond bow | | 17 | 25 | ne | 
tpn | Input to Output | Ta=26°C, Voo=50V, O. = 150F, soe test cond below | | 17 | 25 | ns 
iz | Enable to Output | Ta= 26°C, Voc = 500V, C1 = SpF, $00 test cond. below | | 20 | 90 | ns 
iz | Enable to Output | Ta=26°C, Voc =50V, O.=60F, soe test cond below | | 18 | 22 | ne | 
iz, | Enable to Output | Ta=25°C, Voc = 50V, O.=15pF, see test cond. below |__| 18 | 22 | ns | 
TtzH | Enable to Output __—=——_—| Ta = 25°C, Voc = 5.0V, CL = 15pF, see test cond. below | | 15 | 22 | ns 


OUTPUT 
NORMALLY 


WF002240 ALLE 


WF002440 


Notes: 1. Diagram shown for Enable LOW. 
2. Si and So of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate < 1.0MHz; Zp = 5082; tp < 15ns; ts <6.0ns. 
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ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 


CES TOTWY/ZES 1I9STWIY 


Am26LS32B 


- Am26LS32B 


Quad Differential Line Receiver 


@ +100mV sensitivity over Vix range of OV to 5V 

@ +200mvV sensitivity over Voy range 

@ -7V to +12V input voltage range - differential or 
common mode 

@ Guaranteed input voltage hysteresis limits 
— 80mV minimum 
- 200mV maximum 

@ 3V maximum open circuit input voltage 


The Am26LS32B is a quad line receiver designed to meet 
the requirements of RS-422 and RS-423, CCITT V.10 and 
V.11, and Federal Standards 1020 and 1030 for balanced 
and unbalanced digital data transmission. 


The Am26LS32B features an input sensitivity of 200mV 
over the common mode input voltage range of -7V to 
+12V. 


The Am26LS32B is the first device in the Am26LS32 
configuration to guarantee minimum hysteresis and propa- 
gation delay skew while maintaining better propagation 
delay guarantees than the Am26LS32. This allows a more 


ENABLE ENABLE IND? INp4 
eo 


GND 


: 


OUTPUT OD 


| Part No. | Description 


26LS29 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


INc2 'Noy 


OUTPUT C 


RELATED PRODUCTS 


@ Three-state outputs disabled during power-up and pow- 
er down 

@ Maximum guarantees for tpp skew 

@ All AC and DC parameters guaranteed over COM'L and 
MIL operating temperature ranges 

® Single +5V supply 

@ Advanced low-power Schottky processing 


critical analysis of performance in high noise environments 
and better performance in terms of signal quality, resulting 
in better system performance. 


The Am26LS32B provides an enable and disable function 
common to all four receivers. It features three-state outputs 
with 24mA sink capability and incorporates a fail safe input- 
output relationship which keeps the outputs high when the 
inputs are open. 


The Am26LS32B is constructed using Advanced Low- 
Power Schottky processing. 


Ne} Nao INay 


* 
OUTPUT A 
BD001810 


Quad Three-State Single Ended RS-423 Line Driver 
Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
Quad Differential Line Receiver 


26LS30 
26LS33 
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CONNECTION DIAGRAM 


Top View 


CD001780 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


= 1 


INPUTS A 


+ 


OUTPUT A 


ENABLE 


OUTPUT C 


+ 


INPUTS C | 


DIE SIZE 0.056” x 0.084" 


16 Voc 


INPUTS B 


OUTPUT B 
ENABLE 


OUTPUT D 


INPUTS D 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS32B Cc B 
l— Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to +70°C) 
M -Military (-55°C to +125°C) 


Package 

D-— 16-pin CERDIP 
F-16-pin flatpak 
P—16-pin plastic DIP 
X- Dice 


Device type 
Quad Line Receiver 
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Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently availabJe in the 
combination you wish. 
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Am26LS32B 


ABSOLUTE MAXIMUM RATINGS 


| RIE VOM ics ss asc cas vga os 0 22 a ce 7.0V 


Common’ Mode: Range. c5...26i 5. eccceisissdiensscsivecsoncts +25V 
Differential Input Voltage .................ccceseeescecececeees +25V 
SFU CNN so oa ce oo np v wan capeaseeiaeeric; sath tes 7.0V 
CUD RI CAPONE 5 e552 cos nies veveisecicnahi poocs de 50mA 
Storage Temperature Range ............... -65°C to + 165°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 


OPERATING RANGES 


Commercial (C) Devices 


FT OPOOTEIIG aos. is is ss voseateses cnr eusuceosa ne 0°C to +70°C 

Supply VOHAGO.......5-. cates +4.75V to +5.25V 
Military (M) Devices 

POOIOTOUNS 0. 56... ossasceceeecetsscesetves -55°C to +125°C 

RNIN, ANI osc. ss 0 caecsssaanscoacuence +4.5V to +5.5V 


Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


T 
—— hoe cc noe [ax | uate 
’ |O<Vom<+5V.. < Vom < +5V | -100 | +60 | Ee ee 
VTH Differential input Voltage | Vout = Voi oF Vou [=7V <Vom <+ 12V Ce ee eS ae 


Cet 3 ine ipa a ee ee | 120 | 200 | mv | 
ee aan ee: eae eee ee 
ee 
Oe 

Voc=Min, AViN=+1.0V | lon=-12mA | 


Enable HIGH Voltage 
Enable Clamp Voltage Voc = Min, lin =-18mA 
| Vo = 2.4V 


Off-State (High Impedance) gi 
Output Current foc 


Isc | Output Short Greut Curent [Vo =0V, Voo= Max AVi=st0V 


Voc = Min, AVin =-1.0V lot = 16mA 
VOL Output LOW Voltage VENABLE = 0.8V lo. = 24mA 
Power Supply Current Voc = Max, All Vin = GND, Outputs Disabled 


Eades 

| 2.0 

Boas 

es 

eet 

28 

a 

eee 

ieee 

Enables LOW voltage TT ee 
| ee 
see 

es 

ee 

eee 

erties 

ae 

ae es 

ain 


Note: 1. All typical values are Voc = 5.0V, Ta = 25°C. 
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SWITCHING TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) : (Notes 2 and 3) 


ENABLE _ 
INPUT 
FROM OUTPUT 


UNDER TEST 


C, INCLUDES é Oureur 
PROBE AND JIG ORMALLY 
CAPACITANCE 


-1.0V 
WF002450 


TC001010 


Notes: 1. Diagram shown for Enable LOW. 
2. S; and So of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate <1.0MHz; Zo = 5022; tr <2.5ns; t; <2.5ns. 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 
a [Test Gonaitions | min [typ | max [Unite 


Propagation Delay, Input to Output 
PHL | 


| tdKew! sonet si Propagation. Delay Skew, tery - C. = 50 pF 
aS Cae Sen ae 
Output Enable Time, ENABLE to Output 

aoe Output Disable Time, ENABLE to Output 


Descriptions 


COMMERCIAL MILITARY 
Am26LS32B Am26LS32B 
Propagation Delay, Input to Output eS | 
Lee 
P tion Delay Skew, tp_y - t C. = 50 pF 
Mtsxew | Propagation Delay Skew, tint | = « L=S0PF 


Output Enable Time, ENABLE to Output 


tZL 
| : 
5 racers Output Disable Time, ENABLE to Output ae re a 


| Min | Max 
Po 
See oa 
aes 
are ar 2 
Les 
a se 
Ee 


ie 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am26LS34 


Am26LS34 


Quad Differential Line Receiver 


DISTINCTIVE CHARACTERISTICS 


Meets all requirements of EIA Standards RS-422, RS- 
423, CCITT V.10 and V.11, and the new party line 
standard in development under EIA Project Number 
1360. 

+200mV sensitivity over input voltage range 
+150mV sensitivity for Vow =0 

-7V to +12V common mode input voltage range 
12kQQ. minimum input impedance 


Maximum guarantees for tpp skew 

All AC and DC parameters guaranteed over MIL and 
COM'L temperature ranges 

Guaranteed input voltages hysteresis limits 

- 120mV minimum 

— 300mV maximum 

No internal failsafe 

Pin compatible with Am26LS32/32B/33 


GENERAL DESCRIPTION 


The Am26LS34 is a high performance, quad, differential 
line receiver. It has higher impedance and higher input 
voltage hysteresis than the similar Am26LS32B. The 
Am26LS34 also does not have internal fail-safe to allow 
greater user flexibility. 


Input threshold sensitivty is specified for three different 
Vom ranges. The improved sensitivity, guaranteed hystere- 


sis and. skew limits allow a more critical analysis of system 
performance in high noise environments and better system 
performance capability. 


All performance parameters are guaranted over +10% 
supplies and over the operating temperature range. In 
addition; lo. is specified to 24mA for easy system bus 
interfacing. 


BLOCK DIAGRAM 


ENABLE ENABLE IND+ IND INc+ INCL INg+ INg_ 


OUTPUT D OUTPUT C OUTPUT 8 OUTPUT A 


BD001640 


RELATED PRODUCTS 


| Part No. | Description 


26LS29 Quad Three-State Single Ended RS-423 Line Driver 

26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
26LS32 Quad Differential Line Receiver 

26LS33 Quad Differential Line Receiver 


01025A 
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CONNECTION DIAGRAM 


Top View 


CD003090 


Note: Pin 1 is. marked for orientation 


METALLIZATION AND PAD LAYOUT 


INPUTS A 


OUTPUT A 


ENABLE 


OUTPUT C 


+ 


INPUTS C | 


DIE SIZE 0.056” x 0.084” 


Vcc 


INPUTS B 


+ 


\ 
OUTPUT B 
ENABLE 


OUTPUT D 


INPUTS D 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS34 Cc B 
L— Screening Option 
Blank - Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C —Commercial (0°C to +70°C) 
M -Military (-55°C to + 125°C) 


Package 

D- 16-pin CERDIP 
F-—16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 
Quad Line Receiver 
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Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am26LS34 


ABSOLUTE MAXIMUM RATINGS 


LENIN EN 5 eras ij sa ca sca e nottetumrccaieevel ses 7.0V 
Common: Mode VOiAGG cis... 52s... 0ivdesvncccepsecceevs +25V 
Differential Input Voltage 
SN MID one oo once Peas eecanias oss. cocivdvsneepaaseaccscss 7.0V 
Output Sink Current 
Storage Temperature Range 


Stresses above those listed under ABSOLUTE MAXIMUM 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 


Loin | pun Curent Onder Toe |Vin=-V ee Co | 0 


RATINGS may cause permanent device failure. Functionality ality of the device is guaranteed. 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


= oxcomon [om [ay] om [om 


Vou=ov Yn t60 | 00 | 80 
wv <Vvew<+iv | -200 |_| +200] my 
[=18V<Vom<+tev__[ -400 |_| +400 
pit ee Le A ee 
[Rin | input Resistance | =16V Vow <*16V (One input AC ground) —~—S*dtCtak | 2k | ak | 
iw | input Current (Under Tea) [wast SSC*dSSSC*dC tm 


mA 
ee 
ee ee 
SCS ae asia ae ee 


Differential Input Voltage Vout = Vot or VoH 


Voc = Min, AVin = + 1.0V 
Output HIGH Voltage VENABLE=0:8V 
Voc = Min, 
VOL Output LOW Voltage Voc = Min, AVin = -1.0V = er 
VENABLE = 0.8V oe 


Te Ck es i se ee 
Wn [rable HGH Vonage |e | 
[vi [Enable Clamp Voltage _[Voo=Min,w=-t@maSSSCSC~SSCSC*YSSS*dSC= Vo 


[wos [open cron nest vouge |e ee 
2 ae | ee. 
uiput Current Coot oe 

[nate LOW Curent [Vyeeay ee [ma 
a ee ee OR Oe 
[Enable input High Curent | Viw=68V dt 
[1sc__| Output Short Greuit Curent | Vo = OV, Voo= Max Vin = +1.0¥ [=30 [08 [120 [ma 
Tico Power Supply Curent | Vog™ Man, AI Vin = GNO, Outputs Dusbled |_| se | 70 [ma 


Note: 1. All typical values are Voc = 5.0V, Ta = 25°C. 


01025A 
Refer to Page 13-1 for Essential information on Military Devices 


10-48 


SWITCHING TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) (Notes 2 and 3) 


Vv 
cc 
ENABLE _ 
INPUT 
FROM OUTPUT 


UNDER TEST 


OUTPUT 


C, INCLUDES ALL DIODES mana 


PROBE AND JIG \/ IN9IGOR 
CAPACITANCE 1N3064 


PHASE 
INPUT 
. TRANSITION _ nen onl. OV OUTPUT 
Sap terete e WF002240 NORMALLY 
TC001010 oreo 


Notes: 1, Diagram shown for Enable LOW. 
2. S; and So of Load Circuit are closed except where shown. 
3. Pulse Generator Rate <1.0MHz; Zp = 5022; t,, tf <2.5ns. 


SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 
Description 


er Propagation Delay, Input to Output 
SSS 


Propagation Delay Skew, t - 
Output Enable Time, ENABLE to Output 


fovea uae Tm eoans wont | stint en [Je 


win [Max | win | Max 


C,. = 50 pF 
See test circuit 


= 27 
Output Disable Time, ENABLE to Output CL = 5 pF Goes ee 


See test circuit 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am26LS38 — 


Am26LS38 


Quad Differential Backplane Transceiver 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


@ 10Mb data rate @ Driver register and receiver latch with register bypass 

@ 0.45V DC noise margin mode 

@ Biasing line terminations allow low voltage swing while @ Driver output short-circuit protected to Vcc limits 
maintaining high noise margin @ Outputs disabled during power-up and down 

@ Pair delay 55ns maximum @ Three-state receiver outputs maintain Hi-Z during power-up 

© Controlled driver skew to minimize noise and down and over Vcc range 


GENERAL DESCRIPTION 


The Am26LS38 is a high performance backplane transceiv- can have up to 24 receiver unit loads in a party-line, wired- 
er designed to integrate Schottky TTL performance, high OR logic configuration, with a guaranteed fail-safe state, 
noise immunity and wired logic capability into a low cost and operates from a single 5V power supply. 

differential backplane structure. The resulting backplane 


BLOCK DIAGRAM 


Ky BC 


K_2} BC 


eS] 8p 
oo 


K_23 BO 


BD001380 


02163B 
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CONNECTION DIAGRAM 
Top View 


Bes T9cwY 


Chip-Pak 
L-28-1 


RLE NC 


DOA 
oe 
008 
NC 
DIC 
boc 
DID 


CD001830 CD001770 


Note: Pin 1 is marked for orientation 


SYSTEM CONNECTION DIAGRAM 


Vy = Voc = +5V 


CD001590 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Valid Combinations 


B 

L— Screening Option | DC, DCB, DM, 
Blank —- Standard processing : DMB 
B - Burn-in Am26LS38 LC, LCB, LM, 


Temperature (See Operating Range) LMB 
C -—Commercial (0°C to +70°C) XC, XM 
M - Military (-55°C to + 125°C) 


Package 
D- 24-pin SLIM DIP 
L—28-pin Chip-Pak 
X-— Dice Valid Combinations 
Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
Quad Differential Backplane Transceiver combination you wish. 


Am26LS38 D Cc 
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Am26LS38 


PIN DESCRIPTION 


Description 


Paired open emitter (Bj)/open collector (Bj) driver outputs and receiver inputs. The driver Outputs are either 
simultaneously active or simultaneously inactive. In the inactive state (Dl; = LOW) both drivers (Bj and Bj) are turned 
off and the voltage differential representing the OFF state is determined by the line terminating resistor networks. In 
the active state (Dl; = HIGH), both drivers are driven on and act to reverse the voltage differential across the line to 
produce the ON state. 

The open-emitter/open-collector outputs are always connected in a wired-OR (or wired-AND) configuration. A driver is 
disabled by making its outputs inactive. 


Bus Enable operates to enable or disable all output drivers by making them inactive when BE = HIGH and controlled . 
by data input when BE = LOW. | 


Clock Pulse input to the driver register enters data on the LOW-to-HIGH transition. 
Data inputs to each driver's buffer or register. A HIGH input to Di; will result in an active (ON) output. A LOW input will 


P) 
rm 
mr 
.?) 
Uv 
| 
z 
re Oo} 
” 


cause an inactive (OFF) output. 


will produce a HIGH DOj output. 


Output Enable for the receiver latch output buffer. When OE is LOW the outputs are 
receiver outputs are in the high impedance state. 


Receiver Latch Enable for the receiver latches. When RLE is HIGH the latches are transparent. When RLE is LOW 
received data meeting the setup and hold requirements relative to the HIGH-to-LOW transition of RLE will be stored. 


Select input control for the drivers. When S is HIGH driver data from the registers will be selected (Register Mode). 
When S is LOW (Buffer Mode) the drivers respond to the Dlj inputs directly, bypassing the driver registers. 


Receiver data latch outputs. An inactive bus (OFF state) will produce a LOW DO; output and an active bus (ON state) 


Clock Enable for the driver registers. EN = LOW enables Dl data to be clocked into the respective register. 
EN = HIGH acts to hold previous data in each register regardless of the state of CP. 


enabled. When OE is HIGH all 


FUNCTION TABLE 


BE Di By 2B; 


Gc lek ok 


x< 
G@ |x| x< 
x< 


> oe ee Oe Se Oe el 
Be fetal ele ase oe 


i. B 
H 
t L Ee 
t iL; H 
4 » 4 X L H NA N 
xX D4 » 4 H 5 NA N 
Xx Xx x Xx ET eR] DOR oe Receiver in circulation 
: : i eae 


DOj,,_ ; = Previous state of DO; 
Z = High impedance 


= ae IA sat A ga pal OT noel ae 


ape B 


t = LOW-to-HIGH transition of clock 


FUNCTIONAL DESCRIPTION 


The Am26LS38 represents a new approach in backplane 
transceiver design. Its unipolar differential signalling scheme 
minimizes problems associated with crosstalk and the loss of 
noise immunity due to common mode voltage while providing 
high speed, party line and wired logic capabilities. 


A good ground system and shielding are the best methods for 
limiting noise on the backplane. Ground planes can significant- 
ly reduce inductive ground voltage ringing. Where multilayer 
PC backplane are not a reasonable choice, a differential bus 
can be created using the Am26LS38 and twisted pair or any 
balanced transmission medium. 


A backplane designed with an Am26LS38 has 3 main ele- 
ments; 1) a driver section, 2) a receiver section, 3) and a 
controlled impedance differential line with a pre-biasing line 
termination. The scheme for driver, receiver, and termination 
resistors is shown in Figure A. 


SYSTEM OPERATION 
The system has two operational states. 


1. Active - driver outputs on 
2. Passive — driver outputs off 


Driver buffer mode (loop test) 


L 

H 
Driver register mode 
Receiver latch mode 


Receiver output in high impedance state 


X = Don't care 
NA = Not applicable 


This 2-state (active/passive) operation makes passive or 
wired logic functions possible. In the passive state, the lines 
assume a known polarity and voltage (pre-biased bus). The 
passive bus state may be assigned either the false (wired-OR) 
or true (wired-AND) sense, potentially reducing the number of 
backplane signal lines. 


The 2-state driver employs active pull-down (open collector) 
and active pull-up (open emitter) output stages (Figure A). 
When a driver is active, both output stages turn on. This 
impresses a 0.5V minimum voltage differential on the bus, 
reversing the voltage across Ro. In the passive mode both 
output stages are off. The voltage levels and polarities return 
to the conditions set by the pre-biasing resistive network. In 
either state the voltage across the differential lines are 
symmetrical about Voc/2. The system achieves high speeds 
because the voltage levels required to change state are very 
close together. 


The receiver is designed with a +50mV threshold voltage. This 
low threshold level combined with a driver output greater than 
500mV provides a high degree of tolerance to attenuation and 
reflection effects in the cable. Receiver hysteresis provides 
differential noise immunity. Without hysteresis, a small amount 
of noise around the switching threshold could cause errors. 


02163B 
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Propagation delay skew (tp}1.-tp_H) is controlled. The system 


allows up to 1.5V of common mode voltage. 


TERMINATING THE TRANSMISSION LINE 
OR BUS 


Common mode reflections in the line can be reduced signifi- 
cantly by symmetrically terminating the bus. This increases the 
tolerance to common mode noise. Centering the network at 
Voc/2 (Ri = Rg) further improves the performance by causing 
all induced noise and reflections to appear as a common 
mode signal (Figure B). 


A first order approximation of resistor values may be devel- 
oped by letting the ratio of Ry to Ro be 2:1, and the Thevenin 
equivalent resistance of the termination equal the characteris- 
tic impedance of the line (Zo). 


Then: 
Re 
Ro + 2Ry 
2R1Re 
2Ri + Ro 
From equation (1) and (2), 


(1) Voc = VT 


(2) RTH= 


VT RTH 
(3) Ri= 
2Voc 


VT RTH 


4) Ro= 
(4) Ro WreVee 


Figure B. Object Circuit 


Vy 


DF000310 


Vr 


= 


RECEIVER 
INPUT 
SECTION 


10-53 


Ses 


DF000330 


lf Vr = 5V, Voc = 1.0V, and RtpH = 902 = Zo, we can derive 
that R1~2202, Re~1102. 


Second order adjustments require attention to unit loading 
factors (receiver differential input resistance is in parallel with 
Ro), transmission rates and a host of other factors. 


DATA PATH 


Figure C shows the data path from one driver to another 
receiver for one bit of the bus interface. 


The transmit register or buffer and receiver latch are config- 
ured to provide two modes of operation. The register and latch 
can provide local storage for output and input data. In the non- 
storage mode the buffer input to the driver can be selected 
and the receiver can be wired transparent. Incorporating 
storage on-chip provides improved speed and lower package 
count without significant penalty in the non-storage mode. 


02163B 
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Figure C. The Data Path for One Bit of the Bus Interface 


Am26LS38 


RECEIVE 
LATCH RECEIVER INPUT 
UNIT 


INTERNAL BUS 


DF000340 


EQUIVALENT CIRCUIT 
Recommended Termination 


DF000320 


Equivalent Termination Versus DC Resistance 


Minimum line Vo (differential voltage) = 0.5V" 


02163B 
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ABSOLUTE MAXIMUM RATINGS 


MeN: VONOE oo 65. 5s, c. covkis Nose ican + sboasevesieessthdnees 7.0V 
(SOUNTION “MOOS TIQNGG «oo. excess scisccncdexecsosnsses 


OPERATING RANGES 


Commercial (C) Devices 
TMTIDOTEUUNG oo. isc bis cock Hass vk as bos ns 


ses 19cwy 


Differential Mode Range (REC).....................6. 
BO gO eae Ge Sane EE te erer Tao aa ry erepre 5.5V 
Storage Temperature Range .......+.......0. -65 to + 150°C 


my VONADS. ooo. siicasescsesevasss 


Military (M) Devices { 
Femperature 62s: . 225984. FES s... -55°C to +125°C ' 
SUDDy -VONGOG 555i ei vcs sas ncevaces +4.5V to +5.5V 

Operating ranges define those limits over which the function- 

ality of the device is guaranteed. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Bus Driver Output 


Vo Output Differential Voltage sae Volts 
(Driver Active) VBi-VBi Test Circuit #1 
oe Di = HIGH es oe 
Output Current Test Circuit #2 mA 
ee es ee 
gs Ea Output Short Circuit Current Voc = 5.5V -75 -1 m 


Bus Receiver Input 


Differential Input Vom = 0 to Voc 

Threshold Voltage Vout = Voi or Vou 
Input Resistance to GND 0<Vcoc <Vcc Max 
Differential Input Resistance 0<Vcc <Vcc Max 


TH 
| Test Circuit #3 
Vos Center Voltage Active and Passive 
7, | Center Voltage Difference peso 
Vos|-IVos! | (Active vs Pesaive} Test Circuit #3 
Non-Bus Input and Outputs 
lon = -15mA 
Output HIGH Voltage AVin = +0.1V lon = -24mA 
MIL, lo, = 32mA 
Output LOW Voltage AVin = -0.1V COM'L, Io. = 48mA 
Guaranteed Input Logical HIGH 
neuter: Vonage Voltage for All inputs 
Input LOW Voltage Guaranteed Input Logical LOW 


Voltage for All Inputs 
lie Input LOW Current 


viv =0.4V 


input Clamp Votage —i[my=-t@mA 


Vo = 2.4V 
Leakage Current Passive Vo = 0.4V 


To = 125°C 
-55 to + 125°C 


V 


on 
N 
~ 


+ 
° 
i: : 
n 
o 
eet ee aa 


2 


VOH 
VoL 
ViH 
VIL 


+ 
a 


1 

oO 

“Ni 

on 
+ ! 
an = 
ro} o oO 


Isc 
Vic Volts 


Power Supply Current 


+ [s labbbbbblale 
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Am26LS38 


SWITCHING TEST CIRCUIT 


Test Circuit #1 1 Test Circuit #2 


Test Circuit #3 Test Circuit #4 


FROM OUTPUT 
UNDER TEST 
1802 


C, INCLUDES ALL DIODES 
PROBE AND JIG 1N916 OR 
CAPACITANCE 1N3064 


Notes: 1. C_ = 50pF unless otherwise specified. 
2. S; and So are closed except where shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


| COMMERCIAL MILITARY 
| Ta=0 to +70°C | Ta=-55 to + 125°C 
Voc = 5.0V +10% Voc = 5.0V +10% 
Parameters Description Test Conditions | Min | Max — | Min | Max | 


Di to Bi/ Bj Propagation BE = LOW tet CH ee 
Delay Passi #1 Ge Eh: Be Sees! 


toBP S = LOW 


CP to Bi/B; Propagation [Active _| BE =LOw Test Circuit Pees as ERE a a RS 
y 1 


topp = — Bt Se Se 
BE to B\/Bj Propagation {Active | Dj,=HIGH Test Circuit 7 
Delay S = LOW #1 
seats 


_ 
| 


tpLz/tpHz 


Test Circuit 
C. = 50 pF #4 
OE to DO; Disable Time Tost Circuit 
C. = 5 pF #4 


tpZL Test. Circuit — 
tPLH Test Circuit 
; RLE to DO; OE = LOW #4 
PHL | 
RLE = HIGH Test Circuit 
Bi/B; to DO; OE = LOW #4 


tpLz/tpHz 


NIN 


RODE a Eads OER dokalate we 


tPLH BE to DO; Propagation ARLE = HIGH Test Circuits 
teHL Delay OE = LOW #1, #4 
; S = LOW : 
a Di; to DO; (Buffer Mode) RLE = HIGH ot ree 
tPHL OE = LOW , 
S = HIGH RRS 
‘PL CP to DO; (Register Mode) RLE = HIGH oe 
tPHL OE = LOW : 
tPwL 3 
Clock Pulse Width HIGH | 
lane oe 
Propagation Delay Skew geet at Test Circuit 7 $40 
(tPLH - tPHL) Measurement Voc/2 * ' 
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sesT9cwy 


Am26LS38 _ 


SWITCHING CHARACTERISTICS (Ta = +25°C, Voc =5.0V) VETO SA 


“Parameters [Description | _Yeat Conaitions | win | Typ | Max [Unit 


tDBA Di; to B;/B; Propagation BE = LOW Test Circuit pe pe et Ae 
tppp Delay Passive S =LOW #1 Be Sais 
tCBA CP to Bi/B; Propagation | Active BE = LOW Test Circuit [08 | 16. 
tcp oe = | aed = pee Ll 8 
BE to Bi/B, Propagation Di; = HIGH Test Circuit | 85.) aaBey 
Delay S=LOW #! Baer ee 
Base ees 
| i Sie 
a Sc 
| ce ee 
Ses t 
pasar | 


oot Ee ER 
#4 
OE to DO; Disable Time Sc cee 
== aa 
tPZL a Test Circuit iG CBE eS 
OE to DO; Enable Time #4 
tpZH Ble Bel 
tPLH : _ Test Circuit Dipset See 
RLE © 00 icc en? a 57 
tPHL 
RLE = HIGH Test Circuit 
ama Pore a hc 
tPLH BE to DO; Propagation RLE = HIGH Test Circuits 
0 Delay | OE = LOW #1, #4 


tpLz/tPHz 


_ 
N 
77) 


S = LOW se 
t 
ey Dij to DO; (Buffer Mode) RLE = HIGH tho Poa 
‘PHL OE = LOW 
t S = HIGH a 
aw CP to DOj (Register Mode) RLE = HIGH bes rae 
{PHL OE = LOW 
aes Clock Pulse Width ae 
7 Sa cao HIGH pet 
| tpwH | LE Pulse Width af HIGH. Sl a Be 


Propagation Delay Skew apres Test Circuit = ‘6 
(tpLH-tPHL) ) Measurement Voc/2 eo 


SWITCHING WAVEFORMS 
(1) Dl to B;,Bj, DO; (Buffer Mode) 


WF002090 
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SWITCHING WAVEFORMS (Cont.) 


(2) CP to Bj,Bj, DO; (Register Mode) 


WF002100 


(3) BE to B),Bj, DO; (Passive and Active) (4) Output to Output 


Oi, 
ALE 


4.5V 


s 
OE 


WF002250 


WF002060 
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SWITCHING WAVEFORMS (Cont.) 


Am26LS38 


(5) RLE to DO; 


WF002070 


(6) OE to DO; 


WF002080 
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PRODUCTS 


SUPPORT 


MICROPROCESSOR 


MOS 


7) 
o& 
© 
72) 
7) 
uJ 
oO 
o) 
a 
oO 
O 
& 
O 
= 


BIT 


BIT AND 16- 


FOR 8 


MOS Microprocessor Support 


Am7960 
Am7990 
Am7991A/Am7992A 
Am8120 


Am8127 
Am8152A/53A 
8284A/8284A-1 
8286/8287 
8288 


Products 


ceceo Dale. anscnive ......... 2 11-1 
Local Area Network Controller for Ethernet (Lance) ........... 11-12 
Serial Interface Adapter (SIA) ............cc.cccceccecceecceeseeerees 11-37 
Octal D-Type Flip-Flop with Clear, Clock Enable 

ahd THES-Siale COnUOl Ree ee 11-50 
ArmZ8000 Glock -Gonerator:.s3: i... SS Rae RSS 11-56 
Video System Controller (VSC)......... Se Eiki sols oekeuee epee 11-67 
Clock Generator and Driver for 8086, 8088 Processors...... 11-83 
Jeter US FTAMeeeGl ss... corse cece 11-92 
Ce 11-98 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


Am7960 


Coded Data Transceiver 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Manchester encoder-decoder transceiver 

Matched filter receiver 

Frequency agile for data rates between 500Kbps and 
3Mbps 

32dB dynamic range (transmit to receive) 


''Modem-like'’ controller interface 

Transmit edge rate control 

High impedance interface to coupling transformer 
2V differential output to 37.522 


GENERAL DESCRIPTION 


The Am7960 is a combination of a Manchester encoder/ 
decoder and a transceiver. It is designed for use in 
synchronous communications systems which require com- 
mon mode isolation in point-to-point or common bus 
architecture. It is frequency agile over the range of 0.SMbps 
to 3Mbps. This 5V device provides 32dB of dynamic range, 
and guarantees 2V output into 37.592. A single external 


component controls the slew rate of the transmitter, and a 
matched filter in the receiver minimizes false starts improv- 
ing reliability. 


The Am7960 has a modem-like controller interface which 
makes it compatible with nearly every existing synchronous 
communications controller (USARTs, SCCs, etc). 


BLOCK DIAGRAM 
Am7960 


CHANNEL 


BD001200 


RELATED PRODUCTS 


Description 


Local Area Network Controller Par Ethernet 


Serial Interface Adapter 
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Am7960 


PIN DESCRIPTION 


|_Pin No. [Name | 1/0 | Description 
Controlier Transmit Interface Signals 


de ae Transmit Clock. Transmit Clock is data transmit bit clock. All transmit interface signals are synchronized to this clock. 


This signal is always active. 


S235 - Sas Bee Transmit Data. Transmit Data is the serial transmit data. 
ee | he Request to Send. The communication controller indicates that it wishes to transmit data by asserting Request to Send. 


Once started, only negating Request to Send can stop transmission. 


eae (i eee Clear to Send. The Am7960 asserts Clear to Send when it can encode and transmit data on the channel. 


Controller Receive Interface Signals 


Eee 


eS ea 


Channel interface Signals 
Transmit Outputs. The difference between these outputs (TxLo - TxL;) is the channel transmit signal. There are 


TxLo 
G2 provisions for controlling both the transmit slew rate and the short circuit current. 


| = ——s«(ITVgg.—Sséd|s_ Transmit Power Supply. The transmitter has a separate power supply input. 
See es Slew Rate Control. This pin is used to control the transmit slew rate with external passive components. 


ae Aare Bue: Receiver Inputs. The difference between these inputs (RxLo - RxL4) is the channel receive signal. 


Global Signals 


Receive Clock. Receive Clock is the data receive bit clock. All controller receive interface signals with the exception of 
Advance Carrier Presence are synchronized to this clock. When there is no carrier on the line, this signal is OFF. 


Receive Data. Receive Data is the serial receive data. 


Advance Carrier Presence. Advance Carrier Presence is asserted whenever the receiver has detected line activity. It 
is negated after there has been no line activity for 2 bit times (quiet line). During transmission Advance Carrier 
Presence is internally negated. This signal is asynchronous with both Transmit Clock and Receive Clock. 


Carrier Presence. Carrier Presence is asserted after internal clock acquisition and immediately before asserting 
Receive Clock. It is negated after either end of message or quiet line. 


Carrier Sense. Carrier Sense is asserted immediately before the first receive data bit and negated after either a 
Manchester coding violation or quiet line. 


Master Reset. Master Reset is an asynchronous transceiver reset. When asserted, all interface signals will be 
inhibited with the exception of Transmit Clock. It has an internal pullup resistor, internal discharge clamp diode, and 
input hysteresis to provide power-on reset with a single external capacitor to ground. 


Mode Control. Mode Control determines if the Am7960 will internally generate and recognize line preamble. When 
LOW, the Mode Control is in Mode 0 and uses preamble. When HIGH, the Mode Control is in Mode 1 and is preamble 
transparent. This input has an internal pullup resistor. 


Test Control. Test Control is not a user function. This input is used to functionally test the device. It should always be 
LOW when active. 


X4 Crystal Oscillator Connections. X; and X2 are the Crystal Oscillator Connections. The Am7960 can be either operated 
Xo from a crystal or driven from an external TTL clock. 
a vs a Power Supply. Vcc; and Voce are 5.0 volt nominal power supply pins. 


DETAILED DESCRIPTION 


The Am7960 has two operating modes: Mode 0 and Mode 1. 
When transmitting, Mode 0 inserts a 32-bit preamble, Man- 
chester encodes the transmit data, and appends End Of 
Message. When receiving, Mode 0 identifies and removes 
preamble, decodes the Manchester line data, and removes 
End Of Message. Mode 1 is identical to Mode 0 except 
preamble is neither generated on transmit nor detected upon 
reception; the Coded Data Transceiver simply passes data (bit 
for bit) onto the media and recovers it at the destination. One 
of these two modes will interface to almost all existing 
synchronous controllers. 


Carrier Presence which will be off for the duration of the 
transmission. In either mode, Clear-To-Send is activated one 
transmit clock cycle before the Am7960 expects transmit data. 


RECEIVE y 


The Receiver has three status lines: Advance Carrier Pres- 
ence, Carrier Presence, and Carrier Sense. Advance Carrier 
Presence indicates that the receiver is detecting line activity. It 
is asynchronous with both Transmit Clock and Receive Clock. 
Advance Carrier Presence is asserted for line signals above 
the Positive Presence Level or below the Negative Presence 
Level for more than 40ns. Line signals between the presence 
levels or less than 16ns will be rejected. Once asserted, 
Advance Carrier Presence will remain active until line signal is 
absent for 2 bit times (quiet line). 


Manchester encoding is employed in the Am7960. A 1 bit is 
encoded as a 0 followed by a 1; a 0 bit is a 1 followed by a 0. 
Line end of message is two consecutive bits of 1s. In Mode 0, 
the preamble will be a Manchester 1 followed by 30 bits of 
alternating Manchester 0 and 1 bits followed by a final 1. 


TRANSMIT 


After the Am7960 has detected an active line, it attempts to 
acquire Receive Clock. Clock qualification is achieved by 
sampling the presence levels. To qualify, a line signal must 
either be above the Positive Presence Level and then go 
below the Negative Presence Level or below the Negative 


The Am7960 has a modem-like controller interface. Transmis- 
sion is initiated by asserting Request To Send. Once started, 
only negating Request To Send can stop transmission. All 
receive signals are active with the exception of Advance 


Presence Level and then go above the Positive Presence 
Level in % to 1 14 bit times. After this occurs, the next line data 
transition starts the internal clock recovery circuitry. If line 
becomes quiet or End Of Message detected, the clock will not 
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be reacquired until Advance Carrier Presence is OFF and then 
reasserted. 


Active Carrier Presence indicates that the Am7960 has an 
internally acquired clock. Receive Clock will be active whenev- 
er Carrier Presence is active. Carrier Presence will remain 
active until either the line is quiet or End Of Message is 
detected. 


Carrier Sense becomes active when the Am7960 intends to 
transmit Receive Data to the controller. Carrier Sense stays 
active until either the line is quiet or an invalid Manchester cell 
is detected. Receive Data is OFF until Carrier Sense becomes 
active and remains active until Carrier Presence becomes 
inactive. 


The Am7960 decodes the line data by sampling the % and 44 
bit intervals with respect to the start of the cell. If these 
samples are opposite, valid Manchester data has been 
decoded. If these samples are the same and the next V4 
sample is the same, the receiver has detected End Of 
Message. 


11-3 


In Mode 0, valid preamble is defined as at least seven receive 
clocks, the last four as decoded Manchester 1 0 1 1. Until this 
criteria is met, the Am7960 will continue to hunt for preamble. 


CHANNEL 


The transmitter/receiver interface has been designed to 
provide a high impedance, low capacitance channel interface. 
There are provisions to externally control the transmit short 
circuit current as well as the slew rate of the transmit signals. 
Slew limiting the transmit signal decreases both the effect of 
channel intersymbol interference and the presence of unde- 
sired harmonic frequencies. 


The receiver provides a high impedance input over the total 
input operating range. A common mode voltage reference 
minimizes the number of external components needed for use 
with coupling or isolation transformers. The receiver's high 
input sensitivity and large dynamic range allows reception of 
both large (near end) and small (far end) signals. Its range also 
allows for operation immediately adjacent to an active trans- 
mitter without overload damage. 
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Am7960 


OPERATING RANGES 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ...............0.ceeeeeee -65°C to + 150°C Commercial (C) Devices 

Temperature Under Bias .................... -55°C to +125°C FOMPOrature «2s bescspess 5 cisev sesh seen eae 0°C to +70°C 
Supply Voltage Above Ground Potential....-0.5V to +7.0V Supply Voltage......... aay Fo SiaiWaty «hs +4.75V to +5.25V 
Transmit Supply Current (Max)..................ccceeeees 250mA 


Military (M) Devices 


Receiver Common Mode Voltage ............ -0.5V to +5.5V A ‘ 
Sdias fevAeeC ap ealae er wena ee ee ~ + 

Receiver Differential Input Voltage ......................005- 4.5V eadedpeely Bt 6 eae 

DC Cuitbut Current: Into Outputs ‘(Logic Outputs) 30mA :Supolv : VOUAO 5. i. Ax eucanids arson barnes +4.5V to +5.5V 
P er eee ee vests OES Operating ranges define those limits over which the function- 

DC Input Voltage (Logic Inputs) .............. -0.5V to +5.5V ality of the device is guaranteed : 

DC Input Current (Logic Inputs) .......... -30mA to +5.0mA ; 

POWGE -DISSIDGHON «iv -c5oc5 cs ica dun deetee res etieeckeetiaeeieeees 1.0W 

Lead Soldering Temperature (10 seconds) .............300°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


[Name [Description | Test Conaitions | wn | typ | Max | Unit 


Controller Interface Signals 


[Vou [Oupa HGH Vomge = Nt eC te 
Vor | Output LOW Voltage ——SSSCS~S~wND tg mmm 
Von | Output MOS HIGH Votage ——~SCS~*drNt® 2 toma 
Vor | Output MOS LOW Vonage ——=~S~*dNto 2 [toma 
i [on WenNoings me 
Vi | Input LOW Votage ——=SSC~*~<~*~‘“~*~*dr WN | CC*d 

Vai | Reset Input HIGH Votlags ——=~S~S~*~*~wrCNe S| Voge 

Va | Reset Input Hystoresis ——~=S~*~*~*~*~rCN S| Ve nd 


Notes 3, 4 ys 
Vi Input Clamp Voltage lin =-18mA 


< 


Notes 3, 4 | 
Hie Input LOW Current Vin = 0.5V 


Notes 3, 4 
Input HIGH Current PNote5 VIN = 2.4V 
Input HIGH Current Notes 3: 4 | Voc = Min, Vin = 5.5V 


Short Circuit Current Notes 1, 6 -—40 
Rast | Reset Resistor to Voc Ce oe eae 


Transmit Channel Interface Signals 


— 


< 
8 
~ 
ine) 


™~ 
a 


< 


Differential Transmit Output Voltage Note 7 Ry = 37.52 


Vos Common Mode Transmit Output Voltage Ri = 37.52 
|Vr|-|VT| Difference in Differential se zi 

VTo Output Voltage - Note 7 Ri = 37.52 75 
|\Vos|-|Vos| Difference in Common Mode os xe 

Voso Output Voltage Note 8 Ri = 37.52 75 


Ito \It|-|I=| Difference in Output Currents Ry = 37.52 
losc Transmit Output Short Circuit Current Voc = Max 


Voc = Max 
| Off State Leakage Currents 
Cr Differential Transmit Input Capacitance See Transmit OFF 


< 
oO 
7) 


< 
+14 


p 


| 
a) 


‘ ™~s 
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Da ee ee 
Name | Description | Test Conditions| min | Typ | Max | Units 


Receive Channel Interface Signals 


Diernial Raver fet Vaan cl MSR 
S20 32 Se ae, S| 
Positive Static Carrier Presence Level Nolo 10 |} amscsas- 4 
Negative Static Carrier Presence Level ss ee Cees as 
Cr 


4 Differential Receiver Input Resistance BC eet end 
Le Ce | ee Bee oe 
eae 


Differential Receiver Input Capacitance Og. ee Se ee ee eae 


Global Signals 


j i ; Vt < Vin < VT 
Pu Differential Node Resistance Note 19 0< Vee < Mas 
Cn Differential Node Capacitance VT < Vin < VT 
0 < Voc < Max 
Se 


Power Supply Current 


. Output signals ACP, CP, CS and CTS. 

. Output signals TxC, RxC and RxD. 

. Inputs TxD and RTS. 

. Inputs TEST and MODE. 

. Input MRST only. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Vt and Vz are the differential output signals TxLo-TxL; depending upon signal polarity. 
. Vos and Vos are the average of Txlo and TxL; depending upon signal polarity. 

. ly and ly are the transmit output currents. 

. Vin is the differential input signal RxLo-RxL4. 

. Offsets are for differential input signals (Figure 1). 

. Vom is the average Rxlo and RxL}. 

. Node impedance is with transmitter and receiver connected. 
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Am7960 


SWITCHING TEST CIRCUITS AND SWITCHING TEST WAVEFORMS 
TEST CIRCUIT A. TTL OUTPUTS 3 TEST CIRCUIT B. MOS OUTPUTS 


Voc Voc Voc 


TC000780 TC000770 


Note: C includes test fixture capacitance. 


TEST CIRCUIT C. TRANSMITTER OUTPUT TEST CIRCUIT D. TRANSMITTER ASYMMETRY 


Voc 
PE 5156X OR EQUIVALENT 


18.872 


SLEW 
RATE 
CONTROL 


TC000750 


SWITCHING TEST WAVEFORMS 


TEST CIRCUIT A. TTL OUTPUTS TEST CIRCUIT C. TRANSMITTER OUTPUT 
Rise and Fall Times 


2.0 VOLTS 90% 
0.8 VOLTS ei 


WF002140 WF002150 


TEST CIRCUIT B. MOS OUTPUTS Transmit Latency 


3.9V 


3.6V = 90% ‘ 
0.9V = 10% CMA 
0.6V 


WF002180 WF002160 


TEST CIRCUIT D. TRANSMITTER ASYMMETRY Common Mode Pulse Width 


V, + Wmv, 
Vom CMA 

Vas OVOLTS 

Voma — 30mV 


WF002220 WF002170 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


[Number] Description | Test Conditions | min | Typ | Max |Unite_ 
Teen a hk ee ee 


Transmit Clock 


rem GokPaod = Ne fo a | eps] | nee, 
[2 | Trenemit Glock width LOW SS™S~iNON fn fae fm | | 
ee i Ses Cs Re oe 
Bee Ces a ee Sa ee es a eS 
Transmit Clock Fall Time Nee | Ope Yeo s)he) 
Transmit Control 

Setup ATS to 1 TH Nested, |. | tee t be nee 
Hold ATS to 1 Tx Nowe Tend @ | mc! peep oer | | nee | 
Minimum Inter-Packet Delay es ee ee TC eee 
{THO to AGP Inhibit Nowe tends | eon UO boos OR | Tees | 
1 TxC to ACP Enable Noted? |e hc oboe) tf fe 
1 TxC to OTS Enable Ni Lee ls gat ee Te 
1 TxC to CTS Disable Nong A-ond Bo upd. wea! chu oro [rummeee f OS | Tee | 
Setup TxD to 1 THC hei. 1. ek 
Hold TxD to t TxC Notes: iuand Qhoic iijou'th test ov mot ee ef | ne 
Transmit Latency 

1 TxC to Encoded Data Line Clock Transition Notes Send @ occ ps) iw ceuneon moweebass P10 | Tx” 

1_TxC to Transmitter Disable Notes S608 ee bt ed 
Receive Clock and Data 
7 [ Receive Glock Period ee ee ee 
Receive Clock Width- LOW | 42% | | 58% | TxC | 
Receive Clock Width HIGH | 42% | | 58% | TxC | 


Receive Clock Rise Time 
Receive Clock Fall Time 
t RxC to Valid RxD 

Receive Data Rise Time Cy = 50pF 


Receive Data Fall Time iS See eee CL = 50pF 


Receive Control 


—— 
3 
ba | 
4 
o 


ol 
MN 


— 


Cy = 50pF 
Cy = 50pF 


[25 [Line Active to AGP Active —~—~C~*~“‘“*~*~*~NNN ang SCdTSCSC*=“‘CSCSW#dNBY OCP Ow | eo 
[28 [ Line Quiet to ACP inactve ——~=~S~*~“~*~‘“~*diNOL end 7] d|SSCSCS*~*~‘“dz SY SC*d;C | 
a nie 
Ce (YS es ON SG 
fos [ AGP Act OF Ace SSCCtCtC*~“C*~‘“~*iN dC 
oT [Pia eerie TT Nae Oe 
[= (fie wim 1 A mee LO 

is incomes inte? | ee oe 
Sea ee ee 
Pas [a fw to CS Ace ——~SCSC*C~*~“~*~‘“‘*~*S*diN TS ng | ro oe 
P36 [1 PxG-to CS nace Notes tanh 2 | 

eps i oe 


4 
x 
E 


Channel Transmit Signals 


[38 [Tanemt Siow Rate Cooticint SSCS SS id ee 
30 [Tenet Res Tine lee and 1d ae ae | oe | 
a0] tener Ball Fine pe on 10 ee ee 
aa | Tranamit Common Moda Paleo Width (Nes Seng nif a | | 
fa [siete bec, ee dE ee 
[aa BA Gel Conter to Bit Gel Center ———~—~S~*~S~*~diNSS*dYSCSSSSCSCSC~*~di( | «dt | 
faa [ Si Goll Cortor to BR Gol Edge —=OCCtCt‘“‘izO did | | 
— ina ee ee 
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[Number] (scription ——_| Test Conditions | min | Typ | Max [units 
Ea [Repetw inet Glow Fal ee 

[47____| ReceWver Fitered Postive Line Pulse Wish __——~‘(Nowet@——SSSiSSSCSCS~sSCS 
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57 Initial Power-On Until Operation 


. TTL levels. (Test Circuit A). 
2. MOS levels. (Test Circuit B). 

. Transmit slew rate set nominally at 30% TxC at 1MHz. 

. Measurements mode with TEST CIRCUIT C at Va-Vg =Voma +5mV. 

. Differential output starts to approach 0 volts. 

. Line active from differential receive signal has to meet minimum active width timing. 

. Line inactive is from the last differential signal to meet the minimum active width timing. 

. For Mode 1 only. 

. For Mode 0 only. 

. Transmit signals measured with TEST CIRCUIT C at Va-Vg = 10% and 90%. 

. Transmit common mode pulse is measured with TEST CIRCUIT C at Vom-Voma above 30mV +5mV or below -30mV +5mV 

. Transmit Skew is measured with TEST CIRCUIT D at +5mvV. 

. Transmitter shall be monotonic for both rise and fall. 

. Differential receive signals less than the maximum filtered pulse width are guaranteed to be rejected by the receiver. Differential receive 
signal greater than the minimum active pulse width are guaranteed to turn on the receiver. 

. The Am7960 receiver jitter is defined as the percentage edge displacement from the ideal transmit signal at the transceiver data bit 
frequency over the period of the transceiver data bit frequency (Figure 2).The jitter has been divided into two areas: characteristic and 
random. Characteristic jitter is edge displacement due to asymmetry and intersymbol interference. Random jitter is gaussion edge » 
displacement of mean 0 and sigma at 3 the maximum random deviation. 
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Common Mode Pulse Width 
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FIGURE 1. Receiver Thresholds 
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Figure 2. Receiver Jitter 
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Local Area Network Controller for Ethernet (LANCE) 


@ Ethernet and IEEE 802.3 compatible 

@ Easily interfaced to 8086, 68000, Z8000, LSI-II micro- 
processors 

@ On-board DMA and buffer management, 48 byte FIFO 

@ 24-bit wide linear addressing (Bus Master Mode) 


The Am7990 Local Area Network Controller for Ethernet 
(LANCE) is a 48-pin VLSI device designed to greatly 
simplify interfacing a microcomputer or minicomputer to an 
Ethernet Local Area Network. This chip, in conjunction with 
the Am7991A Serial Interface Adapter (SIA) and closely 
coupled local memory and microprocessor, is intended to 


ALE/AS 

cs 

AOR 

DAS 
DALO 
DALI 
REAO 
BM/BYTE 
BM ,/BUSAKO 
READY 
RESET 


LOCAL CPU INTERFACE 


“December 1983 - See Valid Combinations Note Under Ordering Information 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


BLOCK DIAGRAM 


RELATED PRODUCTS 


Description 


7960 Coded Data Transceiver 


7991A Serial Interface Adapter 
7995 Ethernet Transceiver 
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@ Network and packet error reporting 
®@ Diagnostic Routines 

— Internal/external loop back 

~ CRC logic check 

- Time domain reflectometer 


provide the user with a complete interface module for an 
Ethernet network. The Am7990 is designed using a scaled 
N-Channel MOS technology and is compatible with a 
variety of microprocessors. On-board DMA, advanced buff- 
er management and extensive error reporting and diagnos- 
tics facilitate design and improve system performance. 


OMA/ 
DATA PATH 
CONTROL 
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CONNECTION DIAGRAM 
Top View 


CD001450 


Note: Pin 1 is marked for orientation 


TYPICAL ETHERNET NODE 


AF000470 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 


Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am7990 C B Valid Combinations 
— Screening Option Am7990 DC, DCB, DMB 


Blank -— Standard processing 
B.- Burn-in 
Temperature (See Operating Range) 
C -Commercial (0°C to + 70°C) 
M -Military (-55°C to +125°C) 


Package 


D- 48-pin CERDIP (D-48-1) Valid Combinations 
Consult the AMD sales office in your area to 


Device type determine if a device is currently available in the 
LANCE combination you wish. 


s0662WY — 
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Aig - A23 


READ 


BMo/ 
BYTE 
BM,/ 
BUSAKO 


PIN DESCRIPTION 


Data/Address Lines (Input/Output 3-State) 
The time multiplexed Address/Data bus. During 
the address portion of a memory transfer, 
DALoo - DAL15 contains the lower 16 bits of the 
memory address. The upper 8 bits of address 
are contained in Aig —-Ao3. 


During the data portion of a memory transfer, 
DALoo - DAL15 contains the read or write data, 
depending on the type of transfer. 


The LANCE drives these lines as a Bus Master 


and as a Bus Slave. 


High Order Address Bus (Output 3-State) 
The additional address bits necessary to extend 
the DAL lines to access a 24-bit address. These 
lines are driven as a Bus Master only. 


(Input/Output 3-State) 

Indicates the type of operation to be performed 
in the current bus cycle. This signal is an output 
when the LANCE is a Bus Master. 


High - Data is taken off the DAL by the chip. 
Low — Data is placed on the DAL by the chip. 


The signal is an input when the LANCE is a Bus 
Slave. 


High —- Data is placed on the DAL by the chip. 
Low — Data is taken off the DAL by the chip. 


I/O pins 15 and 16 are programmable through 
bit (00) of CSR3. 


BMo, BM, 


lf CSR3 (00) BCON =0 
I/O Pin 15 =BMo (Output 3-state) 
1/O PIN 16 = BM, (Output 3-state) 


BMo, BM; (Byte Mask). This indicates the 
byte(s) on the DAL are to be read or written 
during this bus transaction. The LANCE drives 
these lines only as a Bus Master. It ignores the 
Byte Mask lines when it is a Bus Slave and 
assumes word transfers. 


Byte selection using Byte Mask is done as. 


described by the following table. 


BM, BMo 


LOW LOW 
LOW HIGH 
HIGH LOW 
HIGH HIGH 


Whole Word 
Upper Byte 
Lower Byte 
None 


BYTE, BUSAKO 
lf CSRg (00) BCON = 1 


I/O PIN 15 = BYTE (Output 3-state) 
I/O PIN 16 = BUSAKO (Output) 
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Byte selection may also be done using the BYTE 
line and DAL oo line, latched during the address 
portion of the bus cycle. The LANCE drives 
BYTE only as a Bus Master and ignores it when 
a Bus Slave selection is done (similar to BMo, 
BM)). 

Byte selection is done as outlined in the follow- 
ing table. 


BYTE DALoo 


LOW LOW Whole Word 
LOW HIGH illegal Condition 
HIGH LOW Lower Byte 
HIGH HIGH Upper Byte 


BUSAKO is a bus request daisy chain output. If 
the chip is not requesting the bus and it receives 
HLDA, BUSAKO will be driven low. If the LANCE 
is requesting the bus when it receives HLDA, 
BUSAKO will remain high. 


Byte Swapping 


In an effort to be compatible with the variety of 16-bit 
microprocessors available to the designer, the LANCE may be 
programmed to swap the position of the upper and lower order 
bytes on data involved in transfers with the internal FIFO. 


Byte swapping is done when BSWP = 1. The most significant 
byte of the word in this case will appear on DAL lines 7-0 and 
the least significant byte on DAL lines 15-8. 


When BYTE = H (indicating a byte transfer) the table indicates 
on which part of the 16-bit data bus the actual data will 
appear. 


Whenever byte swap is activated, the only data that is 
swapped is data traveling to and from the FIFO. 


| Mode Bits 
BSWP = 0 BSWP = 1 
Signal Line and BCON = 1 | and BCON=1 
BYTE =L and 
DALoo = L 
BYTE =L and 
DALoo =H Illegal Illegal 


DALoo =H 


BYTE =H and 


cs Chip Select (Input) 


Indicates, when asserted, that the LANCE is the 
slave device of the data transfer. CS must be 
valid throughout the data portion of the bus 
cycle. CS must not be asserted when HLDA is 
LOW. 
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ADR 


ALE/AS 


DAS 


3 


0 
ea 


Register Address Port Select (input) 

When LANCE is slave, ADR indicates which of 
the two register ports is selected. ADR LOW 
selects register data port; ADR HIGH selects 
register address port, ADR must be valid 
throughout the data portion of the bus cycle and 
is only used by the LANCE when CS is low. 


Address Latch Enable (Output 3-State) 
Used to demultiplex the DAL lines and define the 
address portion of the bus cycle. This I/O pin is 
programmable through bit (01) of CSR3. 


As ALE (CSR3g (01), ACON=0), the signal 
transitions from a HIGH to a LOW during the 
address portion of the transfer and remains low 
during the data portion. ALE can be used by a 
Slave device to control a latch on the bus 
address lines. When ALE is high the latch is 
open and when ALE goes low the latch is 
closed. 


As AS (CSR3 (01), ACON = 1), the signal pulses 
LOW during the address portion of the bus 
transaction. The low to high transition of AS can 
be used by a slave device to strobe the address 
into a register. 


The LANCE drives the ALE/AS line only as a 
Bus Master. 


Data Strobe (input/Output 3-State) 

Defines the data portion of the bus transaction. 
DAS is high during the address portion of a bus 
transaction and low during the data portion. The 
low to high transition can be used by a Slave 
device to strobe bus data into a register. DAS is 
driven only as a Bus Master. 


Data/Address Line Out (Output 3-State) 

An external bus transceiver control line. DALO is 
asserted when the LANCE drives the DAL lines. 
DALO will be low only during the address portion 
if the transfer is a READ. It will be low for the 
entire transfer if the transfer is a WRITE. DALO 
is driven only when LANCE is a Bus Master. 


Data/Address Line in (Output 3-State) 

An external bus transceiver control line. DALI is 
asserted when the LANCE reads from the DAL 
lines. It will be low during the data portion of a 
READ transfer, and remain high for the entire 
transfer if it is a WRITE. DALI is driven only when 
LANCE is a Bus Master. 


Bus Hold Request (Output Open Drain) 

Asserted by the LANCE when it requires access 
to memory. HOLD is held LOW for the entire 
ensuing bus transaction. The function of this pin 
is programmed through bit (00) of CSR3. Bit (00) 
of CSR3 is cleared when RESET is asserted. 


When CSRg3 (00) BCON =0 

1/O pin 17 = HOLD (Output Open Drain) 
When CSR3 (00) BCON = 1 

1/O pin 17 = BUSRQ (Output Open Drain) 


BUSRO will be asserted only if |/O pin 17 is high 
prior to assertion. 
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HLDA 


RX 


T™ 


TENA 


RCLK 


CLSN 


RENA 


Vcc 


Vss 


Bus Hold Acknowledge (input) 

A response to HOLD. When HLDA is low in 
response to the chip's assertion of HOLD, the 
chip is the Bus Master. HLDA deasserts upon 
the deassertion of HOLD. 


Interrupt (Output Open Drain) 

An attention signal that indicates, when active, 
that one or more of the following CSRo status 
flags is set: BABL, MERR, MISS, RINT, TINT or 
IDON. INTR is enabled by bit 06 of CSRo 
(INEA = 1). INTR remains: asserted until the 
source of Interrupt is removed. 


Receive (input) 
Receive Input Bit Stream. 


Transmit (Output) 
Transmit Output Bit Stream. 


Transmit Enable (Output) 

Transmit Output Bit Stream enable. A level 
asserted with the Transmit Output Bit Stream, 
TX, to enable the external transmit logic. 


Receive Clock (input) 

A 10MHz square wave synchronized to the 
Receive data and only active while receiving an 
Input Bit Stream. 


Collision (input) 
A logical input that indicates that a collision is 
occurring on the channel. 


Receive Enable (input) 
A logical input that indicates the presence of 
carrier on the channel. 


Transmit Clock (input) 
10MHz clock. 


(Input/Output Open Drain) 

When the LANCE is a Bus Master, READY is an 
asynchronous acknowledgement from the bus 
memory that it will accept data in a WRITE cycle 
or that it has put data on the DAL lines in a 
READ cycle. 


As a Bus Slave, the LANCE asserts READY 
when it has put data on the DAL lines during a 
READ cycle or is about to take data off the DAL 
lines during a write cycle. READY is a response 
to DAS and will return HIGH after DAS has gone 
HIGH. READY is an input when the LANCE is a 
Bus Master and an output when the LANCE is a 
Bus Slave. 


(input) 

Bus Reset Signal. Causes the LANCE to cease 
operation, clears its internal logic, and enter an 
idle state. The stop bit in CSRo is also set. 


Power supply pin +5 volts +5%. 
Ground. Pins 1 and 24 should be connected 


together externally, as close to the chip as 
possible. 
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PRODUCT OVERVIEW 


The parallel interface of the Local Area Network Controller for 
Ethernet (LANCE) has been designed to be ''friendly'' or easy 
to interface to a variety of popular 16-bit microprocessors. 
These microprocessors include the following: Z8000, 8086, 
68000 and LSI-11. The LANCE has a 24-bit wide linear 
address space when it is in the Bus Master Mode allowing it to 
DMA directly into the entire address space of the above 


Data and 
Address Address Bits 
Bits 0-15 16-23 


Figure 1. LANCE/CPU Interfacing 
a. Multiplexed Bus 


Control 


microprocessors. A programmable mode of operation allows 
byte addressing in one of two ways: A Byte/Word control 


signal compatible with the 8086 and Z8000, or an Upper Data 
Strobe and Lower Data Strobe signal compatible with micro- 
processors such as the 68000. A programmable polarity on 
the Address Strobe signal eliminates the need for external 
logic. The LANCE interfaces with both multiplexed and demul- 
tiplexed data busses and features control signals for address/ 
data bus transceivers. 


DF000390 


Oata/Address 
Bits 0-15 


ALE 


Address 
Bits 16-23 
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During initialization, the CPU loads the starting address of the 
initialization block into two internal control registers. The 
LANCE has four internal control and status registers (CSRo, 4, 
2, 3) which are used for various functions such as the loading 
of the initialization block address, different programming 
modes and status conditions. The host processor communi- 
cates with the LANCE during the initialization phase—for 
demand transmission and periodically to read the status bits 
following interrupts. All other transfers to and from the memory 
are handled as DMA under microword control. 


Interrupts to the microprocessor are generated by the LANCE 
upon: 1) completion of its initialization routine, 2) the reception 
of a packet, 3) the transmission of a packet, 4) transmitter 
timeout error, 5) a missed packet and 6) memory error. 


The cause of the interrupt is ascertained by reading CSRo. Bit 
(06) of CSRo, (INEA) enables or disables interrupts to the 
microprocessor. In systems where polling is used in place of 
interrupts, bit (07) of CSRo (INTR) indicates an interrupt 
condition. 


The basic operation of the LANCE consists of two distinct 
modes: transmit and receive. In the transmit mode, the LANCE 
chip directly accesses data (in a transmit buffer) in memory. It 
prefaces the data with a preamble, sync pattern, and calcu- 
lates and appends a 32-bit CRC. This packet is then ready for 
transmission to the Am7991A SIA. On transmission, the first 
byte of data loads into the 48-byte FIFO. The LANCE. then 
begins to transmit preamble while simultaneously loading the 
-rest of the packet into FIFO for transmission. 


In the receive mode, packets are sent via the SIA to the 
LANCE. The packets are loaded into the 48-byte FIFO for 
preparation of automatic downloading into buffer memory. A 
CRC is calculated and compared with the CRC appended to 
the data packet. If the calculated CRC checksum doesn't 
agree with the packet CRC, an error bit is set. 


DETAILED DESCRIPTION 


_ ADDRESSING 


Packets can be received using 3 different destination address- 
ing schemes: physical, logical and promiscuous. 


The first type is a full comparison of the 48-bit destination 


address in the packet with the node address that was 
programmed into the LANCE during an initialization cycle. 
There are two types of logical address. One is group type 
mask where the 48-bit address in the packet is put through a 
hash filter in order to map the 48-bit physical addresses into 1 
of 64 logical groups. If any of these 64 groups have been 
preselected as the logical address, then the 48-bit address is 
stored in main memory. At this time; a look up is performed 
comparing the 48-bit incoming address with the pre-stored 48- 
bit logical address. The mode can be useful if sending packets 
to all of a particular type of device simultaneously (i.e., send a 
packet to all file servers or all printer servers). Additional 
details on logical addressing can be found in the INITIALIZA- 
TION section under ''Logical Address Filter.'' The second 
logical address is a broadcast address where all nodes on the 
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network receive the packet. The last receive mode of opera- 
tion is the so-called ''promiscuous mode" in which a node will 
accept all packets on the coax regardless of their destination 


~ address. 


COLLISION DETECTION AND IMPLEMENTATION 


The Ethernet CSMA/CD network access algorithm is imple- 
mented completely within the LANCE. In addition to listening 
for a clear coax before transmitting, Ethernet handles collli- 
sions in a predetermined way. Should two transmitters attempt 
to seize the coax at the same time, they will collide and the 
data on the coax will be garbled. The transmitting nodes listen 
while they transmit, detect the collision, then continue to 
transmit for a predetermined length of time to ''jam"' the 


network and ensure that all nodes have recognized the - 


collision. The transmitting nodes then delay a random amount 
of time according to the Ethernet "truncated binary backoff’ 
algorithm in order that the colliding nodes don't try to 
repeatedly access the network at the same time. Up to 16 
attempts to access the network are made by the LANCE 
before reporting back an error due to excessive collisions. 


ERROR REPORTING AND DIAGNOSTICS 


Extensive error reporting is provided by the LANCE. Error 
conditions reported relate either to the network as a whole or 
to data packets. Network-related errors are recorded as flags 
in the CSRs and are examined by the CPU following interrupt. 
Packet-related errors are written into descriptor entries corre- 
sponding to the packet. 


System errors include: 
® Babbling Transmitter 
-— Transmitter attempting to transmit more than 1518 
data bytes. 
® Collision 
— Collision detection circuitry nonfunctional 
@ Missed packet | 
— Insufficient buffer space 
@ Memory timeout 
~— Memory response failure 


Packet-related errors: 
@ CRC 
- Invalid data 
@ Framing 
- Packet did not end on a byte boundary 
® Overflow/Underflow , 
- Indicates abnormal latency in servicing a DMA re- 
quest 
@ Buffer 
- Insufficient buffer space available 


The LANCE performs several diagnostic routines which en- 
hance the reliability and integrity of the system. These include 
a CRC logic check and two loop back modes (internal/ 
external). Errors may be introduced into the system to check 
error detection logic. A Time Domain Reflectometer is incorpo- 
rated into the LANCE to aid system designers locate faults in 
the Ethernet cable. Shorts and opens manifest themselves in 
reflections which are sensed by the TDR. 
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Figure 2. LANCE/Processor Memory Interface 
LLL LLL LLL LL 
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Transmit Data Buffer #N 
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Receiver Data Buffer #3 


BUFFER MANAGEMENT 


A key feature of the LANCE and its on-board DMA channel is 
the flexibility and speed of communication between the 
LANCE and the host microprocessor through common memo- 
ry locations. The basic organization of the buffer management 
is a circular queue of tasks in memory called descriptor rings, 
as shown in Figure 2. There are separate descriptor rings to 
describe transmit and receive operations. Up to 128 tasks may 
be queued up on a descriptor ring awaiting execution by the 
LANCE. Each entry in a descriptor ring holds a pointer to a 
data memory buffer and an entry for the length of the data 
buffer. Data buffers can be chained or cascaded in order to 
handle a long packet in multiple data buffer areas. The LANCE 
searches the descriptor rings in a ''look ahead manner'’ to 
determine the next empty buffer in order to chain buffers 
together or to handle back-to-back packets. As each buffer is 
filled, an ''own" bit is reset, allowing the host processor to 
process the data in the buffer. 


LANCE INTERFACE 


CSR bits such as ACON, BCON and BSWP are used for 
programming the pin functions used for different interfacing 
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DF000130 


schemes. For example, ACON is used to program the polarity 


of the Address Strobe signal (ALE/AS). 


BCON is used for programming the pins, for handling either 
the BYTE/WORD method, for addressing word organized; 
byte addressable memories where the BYTE signal is de- 
coded along with the least significant address bit to determine 
upper or lower byte, or an explicit scheme in which two signals 
labeled as BYTE MASK (BMo and BM)}) indicate which byte is 
addressed. When the BYTE scheme is chosen, the BM; pin 
can be used for performing the function BUSAKO. 


BCON is also used to program pins for different DMA modes. 
In a daisy chain DMA scheme, 3 signals are used (BUSRO, 
HLDA, BUSAKO). In systems using a DMA controller for 
arbitration, only HOLD and HLDA are used. 


All data transfers from the LANCE in the Bus Master mode are 
timed by ALE, DAS, and READY. The automatic adjustment of 
the LANCE cycle by the READY signal allows synchronization 
with variable cycle time memory due either to memory refresh 
or to dual port access. Bus cycles are a minimum of 600ns in 
length and can be increased in 100ns increments. 
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Note: 1. There are two types of delays which depend on which internal register is accessed. 
Type 1 refers to access of CSRo, CSRg and RAP. 
Type 2 refers to access of CSR; and CSRe which are longer than Type 1 delay. 


READ SEQUENCE 


The read cycle is begun by valid addresses being placed on 
DALgo-DALi5 and Ayg-Ao3. The BYTE MASK signals are 
placed valid to indicate a word, upper byte or lower byte 
memory reference. READ indicates the type of cycle. ALE or 
AS are pulsed, and the trailing edge of either can be used to 
latch addresses. DALo9-DAL15 go into a 3-state mode and 
DAS falls low to signal the beginning of the memory access. 
The memory responds by placing READY low to indicate that 
the DAL lines have valid data. The LANCE then latches 
memory data on the rising edge of DAS, which in turn ends the 
memory cycle and READY returns to high. 
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The bus transceiver controls, DALI and DALO, are used to 
control the bus transceivers. DALI signals to strobe data 
toward the LANCE, and DALO signals to strobe data or 
addresses away from the LANCE. During a read cycle, DALO 
goes inactive before DALI becomes active to avoid ''spiking'' 
of the bus transceivers. 


WRITE SEQUENCE 


The write cycle is very similar except that the DALg9—-DAL15 
lines change from containing addresses to data after ALE or 
AS go inactive. After data is valid on the bus DAS goes active. 
Data to memory is held valid after DAS goes inactive. 
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BUS MASTER TIMING 
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TO LANCE) 
©) 
hav chpsoameneast a 
ee ree n 
i “a a RE 


v,¥,7,7,V, 
: a = ee om came mala ag 

VV Vavaval 
(warre CYCLE) XXXKA AMA 
a tS eS a 
(READ CYCLE) 6) 

(19) (20) G2) 

s ee ares 
(READ CYCLE) 


OALO 
(WRITE CYCLE) 


OAL! 
(WRITE CYCLE) 
0 


WF001621 
Notes: 1. Tcycie is the minimum transfer cycle and takes 600ns. Using READY it is possible to extend it 
in multiples of 100ns 
2. The READY setup time before negation of DAS is a function of the synchronization time of 1 1] 
READY. This is a critical parameter. The synchronization must occur within two internal clock ticks: 
100ns. Therefore, the setup time will be 100ns plus the accumulated propagation delays, and the 
ready slips will occur on 100ns increments. 
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Am7990* 


BUS ACQUISITION TIMING 


BUS MASTER 
DRIVERS 4 ORIVERS ENABLED 


— 


WF001610 


Note: 1. RESET is an asynchronous input to the LANCE and is not part of the Bus Acquisition timing. 
When RESET is asserted, the LANCE becomes a Bus Slave. 


DIFFERENCES BETWEEN ETHERNET 
VERSIONS 1 AND 2 


a. Version 2 specifies that the collision detect of the transceiv- 
er must be activated during the interpacket gap time. 


PROGRAMMING THE Am7990 (LANCE) 


The Am7990 (LANCE) is designed to operate in an environ- 
ment that includes close coupling with a local memory and a 
microprocessor (HOST). The Am7990 LANCE is programmed 
by a combination of registers and data structures resident 


b. Version 2 specifies some network management functions, within the chip and in memory. There are four Control and 
such as reporting the occurrence of collisions, retries and Status Registers (CSRs) within the chip which are pro- 
deferrals. grammed by the HOST device. Once enabled, the chip has the 

ability to access memory locations to acquire additional 

c. Version 2 specifies that when transmission is terminated, operating parameters. 


the differential transmit lines are driven OV diff. (half step). 


The Am7990 has the ability to do independent buffer manage- 
ment as well as transfer data packets to and from the Ethernet. 


DIFFERENCES BETWEEN IEEE 802.3 AND There are three memory structures accessed by the Chip: 
ETHERNET 


1. Initialization Block - 12 words in contiguous memory starting 


a. 802 specifies a 2-byte length field rather than a type field. on a word boundary. It also contains the operating parame- 
The length field (802) describes the actual amount of data in ters necessary for device operation. The initialization block 
the frame. is Comprised of: 


@ Mode of Operation 

@ Physical Address 

@ Logical Address Mask 

@ Location to Receive and Transmit Descriptor Rings 
@ Number of Entries in Receive and Transmit 


Differences between Ethernet and 802 at the physical layer Descriptor Rings 
include the following: 2. Receive and Transmit Descriptor Rings - Two ring struc- 


tures, one each for incoming and outgoing packets. Each 


entry in the rings is 4 words long and each entry must start 
on a quadword boundary. The Descriptor Rings are com- 

End of Transmis- Half Step | High State (Rev 1) 

sion State or Half Step 


b. 802 allows the use of a PAD field in the data section of a 
frame, while Ethernet specifies the minimum packet size at 
64 bytes. The use of a PAD allows the user to send and 
receive packets which have less than 46 bytes of data. 


prised of: 


@ The address of a data buffer. 
®@ The length of that data buffer. 
®@ Status information associated with the buffer. 


Common Mode +5 5V 0 - +5V 


Voltage 


3. Data Buffers - Contiguous portions of memory reserved for 
packet buffering. Data buffers may begin on arbitrary byte 
boundaries. 


Less than 1.6mA+40% 


1imA 


Common Mode 
Current 


+160mV +175mV 


In general, the programming sequence of the chip may be 
summarized as: 


Input Threshold 


16V OV 


Fault Protection 1. Programming the chip's CSRs by a host device to locate an 


initialization block in memory. The byte control, byte addressing, 
PROGRAMMING SPECIFICATION and address latch enable modes are defined here also. 


2. The chip loads itself with the information contained within 
the initialization block. 


This section defines the control and Status Registers and the 
memory data structures required to program the Am7990 
(LANCE). 3. The chip accesses the descriptor rings for packet handling. 
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CONTROL AND STATUS REGISTERS 


There are four Control and Status Registers (CSRs) resident 
within the chip. The CSRs are accessed through two bus 
addressable ports, an address port (RAP) and a data port 
(RDP). 


ACCESSING THE CONTROL AND STATUS 
REGISTERS 


The CSRs are read (or written) in a two step operation. The 
address of the CSR to be accessed is written into the address 
port (RAP) during a bus slave transaction. During a subse- 
quent bus slave transaction, the data being read from (or 
written into) the data port (RDP) is read from (or written into) 
the CSR selected in the RAP. 


Once written, the address in RAP remains unchanged until 
rewritten. ; 


To distinguish the data port from the address port, a discrete 
I/O pin is provided. 


L Register Data Port (RDP) 
H Register Address Port (RAP) 


Register Data Port (RDP) 


S22 5535s 


AF001450 


[et | Name [Description 


CSR Data | Writing data into RDP writes the 


data into the CSR selected in 
Register Address Port (RAP) 


RAP. Reading the data from the 


RDP reads the data from the CSR 


selected in RAP. CSR, CSRo 
| L csat:o 
RES 


and CSR3 are accessible only 
AF001490 


when the STOP bit of CSRo is 
set. 


lf the STOP bit is not set while 
attempting to access CSR}, 
CSRe or CSR3, the chip will 
return READY, but a READ 
operation will return undefined 
data. WRITE operation is ignored. 
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Core es 


Reserved and read as zeroes. 


CSR address select. READ/ 
WRITE. Selects the CSR to be 
accessed through the RDP. RAP 


01:00 | CSR(1:0) 


is cleared by Bus RESET. 


CSR(1:0) 


00 
01 
10 
11 


CSR 


_ CSRo 
CSR 
CSRe 
CSR3 


CONTROL AND STATUS REGISTER 
DEFINITION 


Control and Status Register 0 (CSRo) 


AF000860 


The LANCE updates CSRo by logical 
"ORING" the previous and present value of 
CSRo. 


Bit 
15 


Name 
ERR 


Description 


ERROR summary is set by the 


"OR" of BABL, CERR, MISS and — 


MERR. ERR remains set as long 
as any of the error flags are true. 


ERR is read only; writing it has no 
effect. It is cleared by Bus 
RESET, by setting the STOP bit, 
or clearing the individual error 
flags. 


14 BABL BABBLE is a transmitter timeout 
error. It indicates that the 
transmitter has been on the 
channel longer than the time 
required to send the maximum 


length packet. 


BABL is a flag which indicates 
excessive length in the transmit 
buffer. It will be set after 1519 
data bytes have been > 
transmitted; the chip will continue 
to transmit until the whole packet 
is transmitted or there is a failure. 
When BABL error occurs, an 
interrupt will be generated if 
INEA = 1. 


BABL is READ/CLEAR ONLY 
and is set by the chip, and 
cleared by writing a ‘'1"' into the 
bit. Writing a ''0"' has no effect. It 
is cleared by RESET or by setting 
the STOP bit. 
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aa 


Bit 
13 


12 


11 


10 


CERR | 


MISS 


MERR 


RINT 


Description 


COLLISION ERROR indicates 
that the collision input to the chip 
failed to activate within 2us after 
a chip-initiated transmission was 
completed. The collision after 
transmission is a transceiver test 
feature.This function is also 
known as heartbeat. 


CERR is READ/CLEAR ONLY 
and is set by the chip and cleared 
by writing a '1" into the bit. 
Writing a ''0"' has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 


MISSED PACKET is set when the 
receiver loses a packet because 
it does not own a receive buffer 
and the silo has overflowed, 
indicating loss of data. MISS is 
not valid in internal loopback 
mode. 


Silo overflow is not reported 
because there is no receive ring 
entry in which to write status. 


When MISS is set, an interrupt 
will be generated if INEA = 1. 


MISS is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a '1" into the bit. 
Writing a ''0"' has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 


MEMORY ERROR is set when 
the chip is the Bus Master and 
has not received READY within 
25.6us after asserting the 
address on the DAL lines. 


When a Memory Error is 

detected, the receiver and 
transmitter are turned off and an 
interrupt is generated if INEA = 1. 


MERR is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a ‘'1"' into the bit. 
Writing a ''0"' has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 


RECEIVER INTERRUPT is set 
when the chip updates an entry in 
the Receive Descriptor Ring for 
the last buffer received before fall 
of carrier. 


When RINT is set, an interrupt is 
generated if INEA = 1. 


RINT is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a ‘'1"' into the bit. 
Writing a ''0"' has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 
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Bit 
09 


08 


07 


06 


Name 
TINT 


IDON 


INTR 


INEA 


Description 


TRANSMITTER INTERRUPT is 
set when the chip updates an 
entry in the transmit descriptor 
ring for the last buffer sent before 
the end of transmission. 


When TINT is set, an interrupt is 
generated if INEA = 1. 


TINT is READ/CLEAR ONLY and 
is set by the chip and cleared by 
writing a ''1"' into the bit. Writing a 
"0" has no effect. It is cleared by 
RESET or by setting the STOP 
bit. 


INITIALIZATION DONE indicates 
that the chip has completed the 
initialization procedure started by 
setting the INIT bit. When IDON is 
set, the chip has read the 
Initialization Block from memory 
and stored the new parameters. 


When IDON is set, an interrupt is 
generated if INEA = 1. 


IDON is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a ‘''1'' into the bit. 
Writing a ''0" has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 


INTERRUPT FLAG is set by the 
"OR" of BABL, MISS, MERR, 
RINT, TINT and IDON. If 
INEA = 1 and INTR = 1, the INTR 
1/0 pin will be low. 


INTR is READ ONLY; writing this 
bit has no effect. INTR is cleared 
by RESET, by setting the STOP 
bit, or by clearing the condition 
causing the interrupt. 


INTERRUPT ENABLE allows the 
INTR 1/O pin to be driven low 
when the Interrupt Flag is set. If 
INEA = 1 and INTR = 1, the INTR 
1/O pin will be low. If INEA =0, 
the INTR I/O pin will be high, 
regardless of the state of the 
Interrupt Flag. 


INEA is READ/WRITE and 
cleared by RESET or by setting 
the STOP bit. 
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Bit 
05 


04 


03. 


02 


Name 
RXON 


TXON 


TDMD 


STOP 


Description 


RECEIVER ON indicates that the 
receiver is enabled. RXON is set 
when STRT is set if DRX =0 in 
the MODE register in the 
initialization block and the 
initialization block has been read 
by the chip by setting the INIT bit. 
RXON is cleared when IDON is 
set from setting the INIT bit and 
DRX = 1 in the MODE register, or 
a memory error (MERR) has 
occurred. RXON is READ ONLY; 
writing this bit has no. effect. 
RXON is cleared by RESET or by 
setting the STOP bit. 


TRANSMITTER ON indicates 


that the transmitter is enabled. 


TXON is set when STRT is set if 
DTX = 0 in the MODE register in 
the initialization block and the 
INIT bit has been set. TXON is 
cleared when IDON is set and 
DTX = 1 in the MODE register or 
an error, such as MERR, UFLO or 
BUFF, has occurred during 
transmission. 


TXON is READ ONLY; writing this 
bit has no effect. TXON is cleared 
by RESET or by setting the STOP 
bit. 


TRANSMIT DEMAND—when 
set—causes the chip to access 
the Transmit Descriptor Ring 
without waiting for the polltime 
interval to elapse. TDMD need 
not be set to transmit a packet; it 
merely hastens the chip's 
response to a Transmit 


Descriptor Ring entry insertion by 


the host. 


TDMD is WRITE WITH ONE 
ONLY and is cleared by the 
microcode after it is used. It may 
read as a ''1"' for a short time 
after it is written because the 
microcode may have been busy 
when TDMD was set. It is also 
cleared by RESET or by setting 
the STOP bit. Writing a ''0"' in this 
bit has no effect. 


STOP disables the chip from all 
external activity when set and 
clears the internal logic. Setting 
STOP is the equivalent of 
asserting RESET. The chip 
remains inactive and STOP 
remains set until the STRT or 
INIT bit is set. If STRT, INIT and 
STOP are all set together, STOP 
will override the other bits and 
only STOP will be set. 
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Bit Name Description 


STOP is READ/WRITE WITH 
ONE ONLY and set by RESET. 
Writing a ''0"' to this bit has no 
effect. STOP is cleared by setting 
either INIT or STRT. 


START enables the chip to send 
and receive packets, perform 
direct memory access, and do 
buffer management. STOP bit 
must be set prior to setting the 
STRT bit. Setting STRT clears 
the STOP bit. 


if STRT and INIT are set 
together, the INIT function will be 
executed first. 


STRT is READ/WRITE WITH 
~ONE ONLY. Writing a ''0" into 
this bit has no effect. STRT is 
cleared by RESET or by setting 
the STOP bit. 


INITIALIZE, when set, causes the 
chip to begin the initialization 
procedure and access the 
Initialization Block. STOP bit must 
be set prior to setting the INIT bit. 
Setting INIT clears the STOP bit. 


if STRT and INIT are set 
together, the INIT function will be 
executed first. INIT is READ/ 
WRITE WITH "1" ONLY. Writing 
a ''0"' into this bit has no effect. 
INIT is cleared by RESET or by 
setting the STOP bit. 


01 STRT 


00 INIT 


Control and Status Register 1 (CSR) 


RAP = 1 


READ/WRITE : Accessible only when the STOP bit of CSRo is - 


a ONE. CSR; is unaffected by RESET. 


15 18 


‘oO’ 
ee IADR (15:01) 


AF000970 
Bit Name Description 
15:01 IADR The low order 16 bits of the 
address of the first word (lowest 
address) in the Initialization 
Block. 
00 Must be zero. 


Control and Status Register 2 (CSR2) 
RAP = 2 


READ/WRITE : Accessible only when the STOP bit of CSRo is 
a ONE. CSRo is unaffected by RESET. 
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AF000920 
Bit Name Description 
15:08 RES Reserved. 
07:00 IADR The high order 8 bits of the ad- 


dress of the first word (lowest 
address) in the Initialization 
Block. 
Control and Status Register 3 (CSR3) 
CSR3 allows redefinition of the Bus Master interface. 
RAP = 3 
READ/WRITE : Accessible only when the STOP bit of CSRo is 


ONE. CSR3 is cleared by RESET or by setting 
the STOP bit in CSRo. 


Bit Name 
15:03 RES 
02 BSWP 


Description 
Reserved and read as "0". 


BYTE SWAP allows the chip to 
operate in systems that consider 
bits (15:08) to be the least signifi- 
cant byte and bits (07:00) to be 
the most significant byte. 


When BSWP = 1, the chip will 
swap the high and low bytes on 
DMA data transfers between the 
silo and bus memory. Only data 
from silo transfers is swapped; 
the Initialization Block data and 
the Descriptor Ring entries are 
NOT swapped. 


BSWP is READ/WRITE and 
cleared by or by setting 
the STOP bit in CSRo. 


ALE CONTROL defines the as- 
sertive state of ALE when the 
chip is a Bus Master. ACON is 
READ/WRITE and cleared by 
RESET and by setting the STOP 


01 ACON 


bit in CSRo. 
ACON ALE 
0 Asserted High 
1 Asserted Low 
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1 4 ees Senet Siem Cover Naseer 


BYTE CONTROL redefines the 
Byte Mask and Hold |/O pins. 
BCON is READ/WRITE and 
cleared by RESET or by setting 
the STOP bit in CSRo. 


1/0 Pin 1/0 Pin I/O Pin 
BCON 16 15 17 
0. BM; BMo HOLD 

1 BUSAKO BYTE BUSRO 


00 BCON 


All data transfers from the LANCE in the Bus Master mode are 
in words. However, the LANCE can handle odd address 
boundaries and/or packets with an odd number of bytes. 


INITIALIZATION 
INITIALIZATION BLOCK 


Chip initialization includes the reading of the initialization block 
in memory to obtain the operating parameters. The following is 
a definition of the Initialization Block. 


The Initialization Block is read by the chip when the INIT bit in 
CSRpo is set. The INIT bit should be set before or concurrent 
with the STRT bit to insure proper parameter initialization and 
chip operation. After the chip has read the Initialization Block, 
IDON is set in CSRo and an interrupt is generated if INEA = 1. 


Higher Addresses TLEN-TDRA (23:16) IADR +22 
TDRA (15:00) IADR +20 

RLEN-RDRA (23:16) IADR +18 

~ RDRA (15:00) IADR +6 

LADRF (63:48) IADR +14 

LADRF (47:32) IADR +12 

_LADRF (31:16) IADR +10 

LADRF (15:00) IADR +08 

PADR (47:32) IADR +06 

PADR (31:16) IADR +04 

PADR (15:00) IADR +02 

Base Address of Block MODE IADR +00 


Mode 


The Mode Register allows alteration of the chip's operating 
parameters. Normal operation is with the Mode Register clear. 


1 #0 


Canta 2 Se ee NNT RESO Aer oar te Sr 


PROM 
AF000510 


Bit Name 
15 PROM 


Description 


PROMISCUOUS mode. When 
PROM = 1, all incoming packets 
are accepted. 


14:07 RES RESERVED 
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Bit 
06 


05 


04 


03 


Name 
INTL 


DRTY 


COLL 


DTCR 


Description 


INTERNAL LOOPBACK is used 
with the LOOP bit to determine 
where the loopback is to be done. 
Internal loopback allows the chip 
to receive its own transmitted 
packet. Since this represents full 
duplex operation, the packet size 
is limited to 32 bytes. 


EXTERNAL LOOPBACK allows 
the LANCE to transmit a packet 
through the SIA transceiver cable 
out to the Ethernet coax. It is 
used to determine the operability 
of all circuitry and connections 
between the LANCE and the co- 
axial cable. 


INTL is only valid if LOOP = 1; 
otherwise it is ignored. 


LOOP INTL LOOPBACK 
0 X No loopback, normal 
1 0 External 
1 1 Internal 


DISABLE RETRY. When 
DRTY = 1, the chip will attempt 
only one transmission of a pack- 
et. If there is a collision on the 
first transmission attempt, a Retry 
Error (RTRY) will: be reported in 
Transmit Message Descriptor 3 
(TMD3). 


FORCE COLLISION. This bit al- 
lows the collision logic to be test- 
ed. The chip must be in internal 
loopback mode for COLL to be 
valid. If COLL = 1, a collision will 
be forced during the subsequent 
transmission attempt. This will re- 
sult in 16 total transmission at- 
tempts with a retry error reported 
in TMD3. 


DISABLE TRANSMIT CRC. 
When DTCR = 0, the transmitter 
will generate and append a CRC 
to the transmitted packet. When 
DTCR = 1, the CRC logic is allo- 
cated to the receiver and no CRC 
is generated and sent with the 
transmitted packet. 


During loopback, DTCR =0 will 
cause a CRC to be generated on 
the transmitted packet, but no 
CRC check will be done by the 
receiver since the CRC logic is 
shared and cannot generate and 
check CRC at the same time. The 
generated CRC will be written 
into memory with the data and 
can be checked by the host soft- 
ware. 
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Bit Name 
02 LOOP 
01 DTX 
00 DRX 


Physical Address 


Description 


lf DTCR = 1 during loopback, the 
host software must append a 
CRC value to the transmit data. 
The receiver will check the CRC 
on the received data and report 
any errors. Since the CRC gener- 
ator is used to generate the hash 
filter, the multicast addressing 
cannot be used when DTCR = 1. 


LOOPBACK allows the chip to 
operate in full duplex mode for 
test purposes. The maximum 
packet size is 8-32 bytes.The 
received packet can be up to 36 
bytes (32 + 4 bytes CRC) when 
DTCR=0. During loopback, runt 
packet filter is disabled because 
the maximum packet is forced to 
be smaller than the minimum size 
Ethernet packet (64 bytes). 


LOOP =1 allows simultaneous 
transmission and reception for a 
message constrained to fit within 
the silo. The chip waits until the 
entire message is in the silo be- 
fore serial transmission begins. 
The incoming data stream fills the 
silo from behind as it is being 
emptied. Moving the received 
message out of the silo to memo- 
ry does not begin until reception 
has ceased. 


In loopback mode, transmit data 
chaining is not possible. Receive 
data chaining is possible if re- 
ceive buffers are 32 bytes long to 
allow time for lookahead. 


DISABLE THE TRANSMITTER 
causes the chip to not access the 
Transmitter Descriptor Ring and 
therefore no transmissions are 
attempted. DTX = 1 will clear the 
TXON bit in CSRo when initializa- 
tion is complete. 


DISABLE THE RECEIVER caus- 
es the chip to reject all incoming 
packets and not access the Re- 
ceive Descriptor Ring. DRX = 1 
will clear the RXON bit in the 
CSRo when initialization is com- 
plete. 


. 


- 
fo (47:01) 


AF000520 
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31 


Bit 
47:00 


Name 
PADR 


Description 


PHYSICAL ADDRESS is the 
unique 48-bit physical address 
assigned to the chip. PADR (0) 
must be zero. 


Logical Address Filter 


If the first bit of an incoming address is a ''1'' [PADR (0) = 1], 
the address is deemed logical and is passed through the 
logical address filter. 


The logical address filter is a 64-bit mask that is used to 
accept incoming Logical Addresses. The incoming address is 
sent through the CRC circuit. After all 48 bits of the address 
have gone through the CRC circuit, the high order 6 bits of the 
resultant CRC are strobed into a register. This register is used 
to select one of the 64-bit positions in the Logical Address 
Filter. If the selected filter bit is a ''1,'' the address is accepted 
and the packet will be put in memory. The logical address filter 
only assures that there is a possibility that the incoming logical 
address belongs to the node. To determine if it belongs to the 
node, the incoming logical address that is stored in main 
memory is compared by software to the physical address that 
was loaded through the initialization block. 


The Broadcast address, which is all ones, does not go through 
the Logical Address Filter and is always enabled. If the Logical 
Address Filter is loaded with all zeroes, all incoming logical 
addresses except broadcast will be rejected. 


31 


MUST BE ZEROES. These bits 
are RDRA (02:00) and must be 
zeroes because the Receive 
Rings are aligned on quadword 
boundaries. 


02:00 


Transmit Descriptor Ring Pointer 
29 28 24 23 


AF000500 


Bit 
63:00 


Name 
LADRF 


Description 


to accept logical addresses. 


Receive Descriptor Ring Pointer 
29 28 24 23 


The 64-bit mask used by the chip - 


eo RLEN Bec (23:03) 
AF000490 
Bit Name Description 
15:13 RLEN RECEIVE RING LENGTH is the 
number of entries in the receive 
ring expressed as a power of two. 
Number 
RLEN of Entries 
0 1 
1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
7 128 
12:08 RES RESERVED 
07:00 RDRA RECEIVE DESCRIPTOR RING 
15:03 ADDRESS is the base address 


(lowest address) of the Receive 
Descriptor Ring. 
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| RES e ‘0’ (QUADWORD BOUNDARY) 
TLEN TDRA (23:03) 
AF000480 
Bit ‘Name Description 
15:13 TLEN TRANSMIT RING LENGTH is the 
number of entries in the Transmit 
Ring expressed as a power of 
two. 
TLEN Number of Entries 
0 1 
1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
7 7 128 
12:08 RES RESERVED 
07:00 TDRA TRANSMIT DESCRIPTOR RING 
15:03 ADDRESS is the base address 
(lowest address) of the Transmit 
Descriptor Ring. 
02:00 MUST BE ZEROES. These bits 


are TDRA (02:00) and must be 
zeroes because the Transmit 
Rings are aligned on quadword 
boundaries. 


BUFFER MANAGEMENT 


Buffer Management is accomplished through message de- 
scriptors organized in ring structures in memory. Each mes- 
sage descriptor entry is four words long. There are two rings 
allocated for the device: a Receive ring and a Transmit ring. 
The device is capable of polling each ring for buffers to either 
empty or fill with packets to or from the channel. The device is 
also capable of entering status information in the descriptor 
entry. Chip polling is limited to looking one ahead of the 
descriptor entry the chip is currently working with. 


The location of the descriptor rings and their length are found 
in the initialization block, accessed during the initialization 
procedure by the chip. Writing a ''ONE"' into the STRT bit of 
CSRpg will cause the chip to start accessing the descriptor 
rings and enable it to send and receive packets. 


The chip communicates with a HOST device (probably a 
mircoprocessor) through the ring structures in memory. Each 
entry in the ring is either ''owned'"' by the chip or the HOST. 
There is an ownership bit (OWN) in the message descriptor 
entry. Mutual exclusion is accomplished by a protocol which 
states that each device can only relinquish ownership of the 
descriptor entry to the other device; it can never take 
ownership, and no device can change the state of any field in 
any entry after it has relinquished ownership. 
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DESCRIPTOR RINGS 


Each descriptor in a ring in memory is a 4-word entry. The ao Name 
following is the format of the receive and the transmit 12 OFLO 
descriptors. 
Receive Message Descriptor Entry 
Receive Message Descriptor 0 (RMDo) 
15 ; 0 
AF000940 
i 
Bit Name Description 10 BUFF 
15:00 LADR The LOW ORDER 16 address 
bits of the buffer pointed to by 
this descriptor. LADR is written by 
the host and unchanged by the 
chip. 
Receive Message Descriptor 1 (RMDj) 
15 8 7 0 
NARESH RTR CELSN. eE naReeREL ET! 
TSA eee HADR 
ENP 
sTP 
BUFF 
CRC 
OFLO 
SORE 09 STP 
ERR 
OWN 
AF000870 
Bit Name Description 
15 OWN This bit indicates that the Y aie 


descriptor entry is owned by the 
host (OWN = 0) or by the chip 
(OWN = 1). The chip clears the 
OWN bit after filling the buffer 
pointed to by the descriptor entry. 
The host sets the OWN bit after 
emptying the buffer. Once the 
chip or host has relinquished 07:00 HADR 
ownership of a buffer, it must not 
change any field in the four words 
that comprise the descriptor 


Description 


OVERFLOW error indicates that 
the receiver has lost all or part of 
the incoming packet due to an 
inability to store the packet in a 
memory buffer before the internal 
silo overflowed. OFLO is set by 
the chip and cleared by the host. 


CRC indicates that the receiver 
has detected a CRC error on the 
incoming packet. CRC is set by 
the chip and cleared by the host. 


BUFFER ERROR is set any time 
the chip does not own the next 
buffer while data chaining .a 
received packet. This can occur 
in either of two ways: 1) the OWN 
bit of the next buffer is zero, or 2) 
silo overflow occurred before the 
chip received the next STATUS. 
BUFF is set by the chip and 
cleared by the host. 


lf a Buffer Error occurs, an 
Overflow Error may also occur 
internally in the SILO, but will not 
be reported in the descriptor 
status entry unless both BUFF 
and OFLO errors occur at the 
same time. 


START OF PACKET indicates 
that this is the first buffer used by 
the chip for this packet. It is used 
for data chaining buffers. STP is 
set by the chip and cleared by the 
host. 


END OF PACKET indicates that 
this is the last buffer used by the 
chip for this packet. It is used for 
data chaining buffers. If both STP 
and ENP are set, the packet fits 
into one buffer and there is no 
data chaining. ENP is set by the 
chip and cleared by the host. 


The HIGH ORDER 8 address bits 
of the buffer pointed to by this 
descriptor. This field is written by 
the host and unchanged by the 
chip. 


entry. 
14 ERR ERROR summary is the ''OR"' of 
FRAM, OFLO, ts or BUFF. Receive Message Descriptor 2 (RMD2) 
ERR is set by the chip and ‘% 201 
cleared by the host. 


13 FRAM FRAMMING ERROR indicates 
that the incoming packet 


contained a noninteger multiple | 
MUST BE ONES 


of eight bits and there was a CRC 
error. If there was not a CRC 
error on the incoming packet, 
then FRAM will not be set even if 
there was a noninteger multiple 
of eight bits in the packet. FRAM 
is not valid in internal loopback 
mode. FRAM is set by the chip 
and cleared by the host. 


AF000930 
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Bit Name Description 


15:12 MUST BE ONES. This field is 
written by the Host and 
unchanged by the chip. 


11:00 BCNT BUFFER BYTE COUNT is the 
length of the buffer pointed to by 
this descriptor, expressed as a 
two's complement number. This 
field is written by the host and 
unchanged by the chip. Minimum 
buffer size is 64 bytes for the first 
buffer of packet. 


Receive Message Descriptor 3 (RMD3) 


15 12 «11 0 


Bit Name Description 
15:12 RES RESERVED and read as zeroes. 


11:00 MCNT MESSAGE BYTE COUNT is the 
length in bytes of the received 
message in Binary coded 
Decimal (BCD). MCNT is valid 
only when ERR is clear and ENP 
is set. MCNT is written by the chip 
and cleared by the host. 


Transmit Message Descriptor Entry 


Transmit Message Descriptor 0 (TMDo) 


foo 
AF000940 


Bit Name Description 


15:00 LADR The LOW ORDER 16 address 
bits of the buffer pointed to by 
this descriptor. LADR is written by 
the host and unchanged by the 
chip. 


Transmit Message Descriptor 1 (TMD}) 


15 8 7 0 
eee armen ty serene 2 eee crea eae 


Relea: Bes ea HADR 
ENP 
STP 


AF000880 


11-30 


Bit 


-15—- 


14 


13 


32 


11 


10 


09 


08 


07:00 


Name 
OWN 


ERR 


RES 


MORE 


ONE 


DEF 


STP 


ENP 


HADR 


Description 


This bit indicates that the 
descriptor entry is owned by the 
host (OWN = 0) or by the chip 
(OWN = 1). The host sets the 
OWN bit after filling the buffer 
pointed to by this descriptor. The — 
chip clears the OWN bit after 
transmitting the contents of the 
buffer. Both the host and the chip 
must not alter a descriptor entry 
after it has relinquished 
ownership. 


ERROR summary is the ''OR'"' of 
LCOL, LCAR, UFLO or RTRY. 
ERR is set by the chip and 
cleared by the host. 


RESERVED bit. The chip will 
write this. bit with a ''0." 


MORE indicates that more than 
one retry was needed to transmit 
a packet. MORE is set by the chip 
and cleared by the host. 


ONE indicates that exactly one 
retry was needed to transmit a 
packet. ONE is set by the chip 
and cleared by the host. One flag 
is not valid when LCOL is set. 


DEFERRED indicates that the 
chip had to defer while trying to 
transmit a packet. This condition 
occurs if the channel is busy 
when the chip is ready to 
transmit. DEFER is set by the 
chip and cleared by the host. 


START OF PACKET indicates 
that this is the first buffer to be 
used by the chip for this packet. It 
is used for data chaining buffers. 
STP is set by the host and 


unchanged by the chip. The STP 


bit must be set in the first buffer 
of the packet or the LANCE will 
skip over this descriptor, poll the 
next descriptor(s) until the OWN 
and STP bit are set. 


END OF PACKET indicates that 
this is the last buffer to be used 
by the chip for this packet. It is 
used for data chaining buffers. If 
both STP and ENP are set, the 
packet fits into one buffer and 
there is no data chaining. ENP is 
set by the host and unchanged by 
the chip. 


The HIGH ORDER 8 address bits 
of the buffer pointed to by this 
descriptor. This field is written by 
the host and unchanged by the 
chip. 
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Transmit Message Descriptor 2 (TMD2) 


15 12 11 


Sil ea 


ee a eaten 


a eee: ee 


Bit 
15:12 


11:00 


Name 
ONES 


BCNT 


BCNT 
ONES 


AFO00980 


Description 


Must be ones. This field is set by 
the host and unchanged by the 
chip. 


BUFFER BYTE COUNT is the 
usable length in bytes of the 
buffer pointed to by this 
descriptor expressed as a two's 
complement number. This is the 
number of bytes from this buffer 
that will be transmitted by the 
chip. This field is written by the 
host and unchanged by the chip. 
The first buffer of a packet has to 
be at least 100 bytes minimun 
when data chaining and 64 bytes 
when not data chaining. 


Transmit Message Descriptor 3 (TMD3) 


15 


Bit 


10 9 


SSS 


Description 


15 


BUFF 


BUFFER ERROR is set by the 
chip during transmission when 
the chip does not find the ENP 
flag in the current buffer and does 
not own the next buffer. This can 
occur in either of two ways: either 
the OWN bit of the next buffer is 
zero, or silo underflow occurred 
before the chip received the next 
STATUS signal. BUFF is set by 
the chip and cleared by the host. 
BUFF error will disable the 
transmitter (CSRo = TXON = 0) 


11-31 


Bit 


14 


13 


12 


11 


10 


09:00 


UFLO 


RES 


LCOL 


LCAR 


RTRY 


TDR 


Description 


lf a Buffer Error occurs, an 
Underflow Error will also occur 
internally in the SILO. An 
underflow Error will not be 
reported in the descriptor status 
entry unless both BUFF and 
UFLO errors occur at the same 
time. 


UNDERFLOW ERROR indicates 
that the transmitter has truncated 


' a message due to data late from 


memory. UFLO indicates that the 
silo has emptied before the end 
of the packet was reached. 


UFLO is set by the chip and 
cleared by the host. 


RESERVED bit. The chip will 
write this bit with a ''0." 


LATE COLLISION indicates that 
a collision has occurred after the 
slot time of the channel has 
elapsed. The chip does not retry 
on late collisions. LCOL is set by 
the chip and cleared by the host. 


LOSS OF CARRIER is set when 
the carrier input (RENA) to the 
chip goes false during a chip- 
initiated transmission. The chip 
does not re-try upon loss of 
carrier. It will continue to transmit 
the whole packet LCAR until 
packet is finished. LCAR is not 
valid in INTERNAL LOOPBACK 
MODE. LCAR is set by the chip 
and cleared by the host. 


RETRY ERROR indicates that 
the transmitter has failed in 16 
attempts to successfully transmit 
a message due to repeated 
collisions on the medium. If 
DRTY = 1 in the MODE register, 
RTRY wil set after 1 failed 
transmission attempt. RTRY is 
set by the chip and cleared by the 
host. 


TIME DOMAIN 

REFLECTOMETRY reflects the 
state of an internal chip counter 
that counts from the start of a 
transmission to the occurrence of 
a collision. This value is useful in 
determining the approximate 
distance to a cable fault. The 
TDR value is written by the chip 
and is valid only if RTRY is set. 
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68000 TO LANCE INTERFACE 


The goal of this interface was to be compatible with 8MHz and 
faster 68000s while minimizing parts count. The Am22V10 
could be used to eliminate the two flip-flops shown. Autovec- 
toring is used since the Am7990 does not return a vector 
during interrupt acknowledge cycles. Note program BSWP, 
BCON to 1 and ACON to 0. 


/AS RW BYTE/HOLD NC/BG AO NC/BGACK GND /CS/TB/ 
UDS/DAS/CLR BR NC/|IDS/RB VCC 


S Vec 


ls Fa 
LANCE Am7990 


AF000371 


lf (/BGACK) RB =CS*RW*UDS +CS*RW*LDS 

lf (/BGACK) TB = CS*/RW 

If (BGACK) UDS = DAS*/AO*BYTE + /BYTE*DAS 
lf (BGACK) LDS = DAS*AO*BYTE +/BYTE*DAS 
lf (/BGACK) DAS = UDS*LDS 

CLR = /AS*BG 

BR = /HOLD 


PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 
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186 TO LANCE INTERFACE 


This PAL design assumes that the 186 and LANCE are on the 
same board. The data bus buffer is only enabled if the LANCE 
is not selected. It seems natural to program the LANCE for 
ALE output. However, the PAL equations or indeed a discrete 
design is easier if/AS is used. This is because the LANCE 
tristates ALE; the 186 does not. Note data will be valid on the 
falling edge of/WR in min mode, meeting the apparent 
requirement of the LANCE in early data sheets. Data set up 
time is specified with respect to the rising edge of DAS in later 
data sheets; thus the designer has more flexibility. All transfers 
to or from the LANCE must be words. Program ACON to 1, 
BCON and BSWP to 0. 


mei aioe 


186/90.PAL 


PALI6L8 


J BUS 


s0662WYV 


DAL j5- DAL 


Aro~ Arg 


LANCE Am7990 


AF000381 


ALE/AS DTR NC NC DEN NC/READY HLDA GND /CS 

ARDY READ/R/T/DAS/WR/RD LE VCC 

If (/HLDA) DAS=RD +WR 
if (/HLDA)/READ = DTR 

lf (/HLDA) T = DTR*/CS 

if (/HLDA) R = /DTR*DEN*/CS 

If (HLDA) RD = READ*DAS 

if (HLDA) WR = /READ*DAS 

/LE=/ALE +/AS 

/ARDY = /READY 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with Temperature 0°C to +70°C 
Applied Powers -55°C to + 125°C Supply Voltage +4.75V to +5.25V 
Supply Voltage to Ground Potential 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcoc max 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, Into Outputs 
DC Input Current : ae 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Cl co a 2 a ORCC ee es 
ee Da a WP Gee 
EVok || OupPiOw Voge —sfigi-oama SC | os oe 
F Vou | [ OupuiHiGH Volage [=o a 
A 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Bus Slave Timing 


SR Mt. ITLL a ae AES RY ee 
[2 [toss | Chip Select Setup Time before DASHIGH to LOW ——SSCidPSSSSCSC~—~— Sd 
[2 [tsa | ADR Hovd Time folowing DAS LOW HGH dT Od 
[4 [teas [ADA Sotup Time before DAS HIGH LOW ———SSC~dTSSCSd Td 


Bree 
li eee eee 


[6 [saps | Read Data Setup Time before READVHIGHwotow sid SSCd PC 
[7 [sap | Data Hod Time folowing DAS LOW to HIGH (Read Gyo) =f SSCSC~—S id 
OS ERT LE aR RRS A 

[9 [ter | READ Hold Time after DAS LOW to HIGH ——SSSCSC~sSSCSCSCSCSCSCSC~i 


SEO! READY Orr Tun on Tine ater DAS HIGH wo low =F Con Ca RAP tee + 
ADY Driver Turn on Time after DAS HIGH to LOW 
a | O8Ry, CSMa. fh oo 


| 11 [ters | READ Setup Time before DAS HIGH to Low | Ts 
| 12 | tswon | Data Hold Time after DAS LOW to HIGH (Write Cycle) | | ts 
|_13__| tswos_| Data Setup Time before DAS HIGH to LOW (Write Cycle) | | Ts 

05698A 
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‘SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


[“Perametere [Description | Test Gonaitions | man | Typ | Max [Unit 
[1 _[as | Extended Adsross Soup Time before AID HIGH LOW —~«dY SSCS dd 
[2 [tan | Extended Adsross Hold Time ater DAS LOW to HIGH ——~«|—~S~Ss as] dd 
[3 [tas | Address Setup Time belore ALE HIGH to LOW —SSC~dSCSSSCSC~CSs | 
[4 [tan | Address Held Time aftr ALE HIGH © LOW SSSOSC~iSCSCSC‘“‘“~*~*~*~‘~rC BSE 
[5 [tons | READ Data Setup Time before DAS LOW to HIGH Sd SSSSCSCS~s S| 
[taoan | READ Data Hold Time after AS LOW HIGH Sd] SSSCS~C~dSC Yd 
Seis 1 Gs 
[2 [wos | WRITE Data Setup Time before DAS LOW HIGH ——SSCdYSSSCSC~*~S~is |i id 
[9 [won | WRITE Data Hold Time DAS LOW HIGH SSCSC~dSC“‘“‘CSSSCC*i ns“ dd 
[70 [to0s | WRITE Data Setup Time before DAS HIGH LOW ——SsdT~SSSSSCS~s dd 
PtP tggw BAS Wet ge 
[12 [tome | Delay from DAS LOW HIGH ALE LOW HGH «dT SSSSCSCS~s TCS 
[19 [tapas [Delay from ALE HIGH to LOW to DAS HIGH LOW —SdTSSSSSSC~s dd 


Delay from DALO LOW to HIGH to DAS HIGH to LOW 
(Read Cycle) 


[18 [trove | READY Setup Time before DAS LOW to HIGH (See Note) wr | ae 
[16 [trovn | READY Hold Time after DAS LOW to HIGH SSPSSSCSC~“~sSSCd 
17 [tos] DALO Setup Time before ALE HIGH @ LOW ———SCS~dSSC“‘“‘CSCS™S™~*d CANONS a aes 


: ; 
Delay from DALO LOW to HIGH to DALI HIGH to LOW 
(Read Cycle) 

tris | A 


DALI Setup Time before DAS LOW to HIGH (Read Cycle) 


DALI Hold Time after DAS LOW to HIGH (Read Cycle) 


t Delay from DALI LOW to HIGH to DALO HIGH to LOW 
RIOF (Read Cycle) 


~ Delay from DAS LOW to HIGH to DALO LOW to HIGH 
Ds! (Write Cycle) 


t Delay from the falling edge of ALE to the falling 
ARYD edge of READY to insure a minimum Bus Cycle time (600ns). 


Note: The READY setup time before negation of DAS is a function of the synchronization time of READY. The synchronization must occur within two 
clock ticks (100ns). Therefore, the setup time is 100ns plus any accumulated propagation delays. Ready slips occur on 100ns increments. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


| Parameters | Description (| Test Conditions| Min | Typ | Max | Unite | 


Bus Acquisition Timing 
[1 [toon] Bus Master Driver Enablo Time after Assertion of MDA ——«dSSSCSC~“‘~idSCCSdSSSCSC*dSC 
[2 [toorr | Bus Mastor Driver Disable Time after Deasserion of HOLD —~+| ———SC~dC_—O dT C*dY'—C 
ee [ET Ree WON Noe ee ee 
ei ay LOA WHO 
Dee faked ee eee 
CE ag (lw te ee ee ee 
oe eee ee ee 
Cee l\teteed Ok 
ee [lieth ee 
[10 [trep | TENA Propagation Delay after the Rising Edge of TOK ——=«t~—=s = S0pF | «| —Ss«d| =O | ne 
[41[ tren | TENA Hold Time aftr the Rising Edge of TOK —SSSCSSC*dCSCSC SOF | || Cd 
[42 | trop | TX Data Propagation Delay after the Rising Edge of TOK | __=sopF | | __—'| 05 | ne 
[43 [tron | TX Data Hold Time after the Rising Edge of TOK ——=SC=«dCSCSC = SOT | | 
Eee ee acs — | POLK, WRG eee ee 
Peg [kein ee | ee 
a (kimmel ee oe ee 
S SiS CL ein se kee i. Oe Be 
=o “eit aa anaes ee ae ie 
= a tall 2 ei eon ere we: ie Ge Se 
BRT at eon | AX ala FON Ti ee bs ey ei ee 
| 21 | tapH _| RX Data Hold Time (RCLK to RX Data Change) | Ts 

RX Data Setup Time (RX Data Stable to the Rising 
pee lowers ee 
ee ipec | PREWACLow ime Se a eo We ig 
ee Mek 5 | CEN EOIN Se ee ee 


is an asynchronous input and does not occur as part of the Bus Acquisition cycle. 


SERIAL LINK TIMING 


RCLK 


~ TMU. XT 


RENA 


TCLK 


12 


BEL VT, Malas nese MRED 7) 


TENA 


WF001530 


Note: 1.25ns offset from TCLK (% bit time and 44 bit time from TCLK positive edge). 


Timing measurements are made at the following voltages, unless otherwise specified: 


ets Wig toe - 
Output 2.0V | 0.8V 
Input 2.0V | 0.8V 
Float V 0.5V 
~ 05698A 
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Serial Interface Adapter (SIA) 


DISTINCTIVE CHARACTERISTICS 


_ @ Crystal controlled Manchester Encoder @ Input signal conditioning rejects transient noise 
@ Manchester Decoder acquires clock and data within six - Transients <10ns for collision detector inputs 
bit times with an accuracy of +3ns _ = Transients < 16ns for carrier detector inputs 
- Carrier/collision detected for greater than -300mV @ TTL compatible host interface 
- No carrier/collision for less than -175mV @ Transmit accuracy +0.01% (without adjustments) 


@ Receiver decodes Manchester data with up to +20ns 
Clock jitter (at 10MHz) 


GENERAL DESCRIPTION 


The Am7991A Serial Interface Adapter (SIA) is a Manches- times, and decodes Manchester data with up to +20ns 
ter Encoder/Decoder compatible with both Ethernet and phase jitter at 10MHz. SIA provides both guaranteed signal 
lIEEE-802.3 specifications. In an Ethernet/IEEE-802.3 ap- threshold limits and transient noise suppression circuitry. in 


plication the Am7991A interfaces the Am7990 Local Area both data and collision paths to minimize false start 
Network Controller for Ethernet (LANCE) to the Ethernet conditions. . 
transceiver cable, acquires clock and data within 6 bit- 


BLOCK DIAGRAM 
Serial Interface Adapter (SIA) 


Receive Data (RX) Manchester Receive + 
Receive Clock (RCLK) Decoder 
Receive — 
Carrier Present (RENA) re © 


Collision + 


Collision — 


Transmit + 


Transmit — 


Transmit Data (TX) 
Transmit Enabie (TENA) 


Controller interface 
Odeps1eRUj 4eajessues, 


Transmit Clock (TCLK) 


BD002070 


DESCRIPTION | 
Local Area Network Controller for Ethernet 


Ethernet Transceiver 


*December 1983 - See Valid Combinations Note Under Ordering Information 03378C 
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CONNECTION DIAGRAM 
Top View 


D-24-1 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable); package type, operating range and screening option (if desired). 


Am7991A/92A OD Cc 


- Valid Combinations 
Screening Option DC, DCB, DM, 
Blank — Standard processing Am7991A 
B - Burn-in 
Am7992A PC, DC, DCB, 
Temperature (See Operating Range) m DM, DMB 
C —Commercial (0°C to + 70°C) 


M -Military (-55°C to + 125°C) 
Package 
D- 24-pin CERDIP *(D-24-1) 
P-—24 pin plastic DIP (P-24-1) 
Device type Valid Combinations 
Serial Interface Adapter (SIA) Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


* 7992A only available in D-24-SLIM. 
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CLSN 


RX 


RENA 


RCLK 


TX 


TENA 


TCLK 


PIN DESCRIPTION 


Collision (output) 

A TTL active high output. Signals at the Collision 
tterminals meeting threshold and pulse width 
requirements will produce a logic high at CLSN 
output. When no signal is present at Collision + 
CLSN output will be low. 


Receive Data (output) 

A MOS/TTL output, recovered data. When there 
is no signal at Receive + and TEST is high, RX is 
high. RX is actuated with RCLK and remains 
active until end of message. During reception, 
RX is synchronous with RCLK and changes after 
the rising edge of RCLK. When TEST is low, RX 
is enabled. 


Receive Enabie (output) 

A TTL active high output. When there is no 
signal at Receive + and TEST is high, RENA is 
low. Signals meeting threshold and pulse width 
requirements will produce a logic high at RENA. 
When Receive + becomes idle, RENA returns to 
the low state synchronous with the Manchester 
bit cell edge. For TEST low, RENA function is 
disabled. 


Receive Clock (output) 

A MOS/TTL output recovered clock. When there 
is no signal at Receive + and TEST is high, 
RCLK is low. RCLK is activated after the third 
negative data transmission at Receive +, and 
remains active until end of message. When 
TEST is low, RCLK is enabled independent of 
Receive +. 


Transmit. (input) 

TTL compatible input. When TENA is _ high, 
signals at TX meeting setup and hold time to 
TCLK will be encoded as normal Manchester at 
Transmit + and Transmit -. 

TX High: Transmit + is negative with respect 
to Transmit — for first half of data bit 
cell. 

Transmit + is positive with respect 
to Transmit — for first half of data 
bit cell. 


TX Low: 


Transmit Enabie (input) 

TTL compatible input. Active high data ocean 
enable. Signals meeting setup and hold time to 
TCLK will allow encoding of Manchester data 
from TX to Transmit + and Transmit -. 


Transmit Clock (output) 

MOS/TTL output. TCLK provides symmetrical 
high and low clock signals at data rate for 
reference timing of data to be encoded. It also 
provides clock signals for the controller chip 
(Am7990 — LANCE) and an internal timing refer- 
ence for receive path voltage controlled oscilla- 
tors. 


11-39 


Transmit + 
Transmit - 


Receive + 
Receive - 


Collision + 
Collision - 


TSEL 


X4, X2 


RF 


PF 


Transmit (outputs) 

A differential line output. This line pair is intend- 
ed to operate into terminated transmission lines. 
For signals meeting setup and hold time to TCLK 
at TENA and TX Manchester clock the data is 
outputted at Transmit + /Transmit —. When op- 
erating into a 7822 terminated transmission line, 
signalling meets the required output levels and 
skew for both Ethernet and IEEE 802.3 drop 
cables. 


Receiver (inputs) 

A differential input. A pair of internally biased line 
receivers consisting of a carrier detect receiver 
with offset threshold and noise filtering to detect 
the signal, and a data recovery receiver with no 
offset for Manchester data decoding. 


Collision (inputs) 

A differential input. An internally biased line 
receiver input with offset threshold and noise 
filtering. Signals at Collision + have no effect on 
data path functions. 


Transmit Mode Select 
An open collector output and sense amplifier 


input. 

TSEL Low: Idle transmit state Transmit + is 
positive with respect to Transmit 

TSEL High: Idle transmit state Transmit + 


and Transmit — are equal, pro- 
viding ''zero'' differential to op- 
erate transformer coupled loads. 


When connected with an RC network, TSEL is 
held low during transmission. At the end of 
transmission the open collector output is dis- 
abled, allowing TSEL to rise and provide a 
smooth transmission from logic high to ''zero'' 
differential idle. Delay and output return to zero 
are externally controlled by the RC time constant 
TSEL. 


Biased Crystal Oscillator 

X4 is the input and Xo is the bypass port. When 
connected for crystal operation, the system 
clock which appears at TCLK is half the frequen- 
cy of the crystal oscillator. X; may be driven 
from an external source of two times the data 
rate. 


Frequency Setting Voltage Controlled Os- 
cillator (Vco) Loop Filter 

This loop filter output is a reference voltage for 
the receive path phase detector. It also is a 
reference for timing noise immunity circuits. in 
the collision and receive enable path. Nominal 
reference Vco gain is 1.25 TCLK frequency 
MHz/V. 


Receive Path Vco Phase Lock Loop Filter 
This loop filter input is the control for receive 
path loop damping. Frequency of the receive 
Vco is internally limited to transmit frequency 
+12%. Nominal receive Vco gain is 0.25 refer- 
ence Vco gain MHz/V. 
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Am7991A/Am7992A* 


Test Control (input) 


A static input that is connected to Vcc. for 
normal Am7991 operation and to ground for 
testing of receive path function. When TEST is 
grounded RCLK and RX are enabled so that 


receive path loop may be functionally tested. 


DETAILED DESCRIPTION 


The Am7991A Serial Interface Adapter (SIA) has three basic 
functions. It is a Manchester Encoder/line driver in the 
transmit path, a Manchester Decoder with noise filtering and 
quick lock-on characteristics in the receive path, and a signal 
detect/converter (10MHz differential to TTL) in the collision 
path. In addition, the SIA provides the interface between the 
TTL logic environment of the Local Area Network Controller 
for Ethernet (LANCE) and the differential signaling environ- 
ment in the transceiver cable. 


TRANSMIT PATH 


The transmit section encodes separate clock and NRZ data 
input signals meeting the set up and hold time to TCLK at 
TENA and TX, into a standard Manchester II serial bit stream. 
The transmit outputs (transmit + /transmit -—) are designed to 
operate into terminated transmission lines. When operating 
into a 7892 terminated transmission line, signaling meets the 
required output levels and skew for both Ethernet and 
lIEEE-802.3 


Figure 1. Transmit Section 


MANCHESTER 


DF000190 


Transmitter Timing and Operation 


A 20MHz fundamental mode crystal oscillator provides the 
basic timing reference in the SIA. It is divided by two to create 
the transmit clock reference (TCLK). Both 2OMHz and 10MHz 
clocks are fed into the Manchester Encoder to generate the 
transitions in the encoded data stream. The 10MHz clock, 
TCLK, is used by the SIA to internally synchronize transmit 
data (TX) and transmit enable (TENA). TCLK is also used as a 
stable bit rate clock by the receive section of the SIA and by 
other devices in the system (the AM7990 LANCE used TCLK 
to drive its internal state machine). The oscillator may use an 
external .005% crystal or an external TTL level input as a 
reference. Transmit accuracy of .01% is achieved (no external 
adjustments are required). 


TENA is activated when the first bit of data is made available 
on TX. As long as TENA remains High, signals at TX will be 
encoded as Manchester and will appear at transmit + and 
transmit -. When TENA goes Low, the differential transmit 
outputs go to one of two idle states: 


11-40 


High Current Ground 


Logic Ground 


Voltage Controlled Oscillator Ground 


High Current and Logic Supply 


Voltage Controlled Oscillator Supply 


@ Mode 1 - (TSEL High) The idle state of transmit + /transmit 
- yields ''zero'' differential to operate transformer coupled 
loads. 

® Mode 2 - (TSEL Low) in this idle state, transmit + is 
positive to transmit — (logical High). (Figure 11A) 


RECEIVE PATH 


The principle function of the receiver is the separation of the 
Manchester encoded data stream into clock and NRZ data. 


input Signal Conditioning 


Before the data and clock can be separated it must be 
determined whether there is ''real'’ data or unwanted noise at 
the transceiver interface. The Am7991A SIA carrier detection 
receiver provides a static noise margin of -175mV to -300mV 
for received carrier detection. These DC thresholds assure 
that no signal more positive than - 175mV is ever decoded and 
that signals more negative than -300mV are always decoded. 
Transient noise of less than 10ns duration in the collision path 
and 16ns duration in the data path are also rejected. 


Figure 2. Receiver 


RECEIVE+ 


DF000200 


The stage prevents unwanted idle state noise on the trans- 
ceiver cable from causing ‘false starts'' in the receiver. This 
helps assure a valid response to ''real'’ data. 


The receiver section (Figure 3) consists of two data paths. The 
receive data path is designed to be a zero threshold, high 
bandwidth receiver. The carrier detection receiver is similar, 
but with an additional bias generator. Only data amplitudes 
larger than the bias level are interpreted as valid data. The 
noise rejection filter prevents noise transients < 16ns from 
enabling the data receiver output. The collision detector 
similarly rejects noise transients < 10ns. 


Receiver Section Timing 


Receive Enable (RENA) is the ‘'carrier present'' indication 
established when a signal of sufficient amplitude (Vipc) and 
duration (tRpwr) is present at the receive inputs. Receive 
Clock (RCLK) and Receive Data (RX) become available after 
the third negative data transition at receive+/receive — inputs, 
and stay active until end of packet. During reception, RX is 
synchronous with RCLK changing after the rising edge of 
RCLK. 


The receiver detects the end of a packet when the normal 
transition on the differential inputs cease. After the last 
Low-to-High transition, RENA goes Low and RCLK completes 
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one last cycle, storing the last data bit. It then goes Low, and 
remains Low. (See Receive End of Packet Timing diagrams.) 
When TEST is Low, RCLK does not go Low and stay Low but 
continues to run. 


Receive Clock Control 


To ensure quick capture of incoming data the receiver 
phase-locked-loop is frequency locked to the transmit oscilla- 
tor and it phase locks to incoming data edges. 


Clock and data are available within 6 bit times (accurate to 
within +3ns). The SIA will decode jittered data of up to +20ns 
(Figure 4). 


Differential 1/0 Terminations 


The differential input for the Manchester data (receive +) is 
externally terminated by two 40.202 +1% resistors and one 


+5ns 
ALLOWABLE 
SAMPLING ERROR 


50ns 


Figure 3. Receiver Section Detail 


optional common mode bypass capacitor. The differential 


specified so that the Ethernet specification for cable termina- 
tion impedance is met using standard 1% resistor terminators. 
The collision + differential input is terminated in exactly the 
same way as the receive input (See External Component 
diagram) 


Collision Detection 


The Ethernet Transceiver detects collisions on the Ethernet 
and generates a 10MHZz signal on the transceiver cable 
(collision +/collision—). This collision signal passes through 
an input stage which assures signal levels and pulse duration. 
When the signal is detected by the SIA, the SIA sets the CLSN 
line High. This condition continues for approximately 190ns 
after the last Low-to-High transition on collision + /collision-. 


CARRIER 
REC 


DF000170 


‘DF000180 


input impedance ZjpF and the common mode input Zjcy are — 
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Am7991A/Am7992A* 


Notes: 1. 
2. 


Am7991A 


External Component Diagram 


40.20 1% 


AF000450 


Connect Ry, Cy, for 0 differential nontransmit. Connect to ground for logic 1 differential nontransmit. 


Pin 20 shown for normal device operation. 


Nodes A and B may be connected directly to ground for proper decoder operation, or to the common 
mode bypass C4 and Cs. Some direct coupled transceivers require C4 and Cs to ground for proper 


operation. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..............0.ceeeeeees -~65°C to + 150°C Commercial (C) Devices. 

Ambient Temperature with TOIMDOLAIHG =. oss c.ccsueesa ence secsuserasexaers! 0°C to +70°C 
Power Appli@diisnics. «ass. . jneateedss i: -55°C to + 125°C Supply Voltage .x5 «94.4. danccusd--genap ee. +4.75V to +5.25V 

Supply Voltage to Ground Potential 


Military (M) Devices 


> 
3 
N 
© 
© 
sy 
> 
~ 
> 
a 
= 
© 
re) 
Nd 
b 

* 


RP NN os rc Poon a iooc oc se ova an ses uc eueepaaey uerts™ +7.0V itt eg ee _ BRO +125° 
OC Vatags Appi to Outputs Fo a et ee 
High Output State .........0.s.see. -0.5V to +Vcc max Operating ranges define those limits over which the function- 
DC Input Voltage (Logic Inputs) ............:.ceeeeeeeee es + 5.5V ality of the device is guaranteed. 
DC Input Voltage (Rec Coll) ................ceeee -6V to +6V 
Transmit +Output Current...................--5OmMA to +5mA 
DC Output Current, Into Outputs .................0eeeeee 100mA 
DC Input Current (Logic Inputs) .............:.seeeeeeeee +30mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions 
Output High Voltage RXD, RENA se 
CLSN,TCLK lon = —1.0mA 


Output Low Voltage RCLK, TCLK, RENA lo. = 16mA 


oa 

al 

2 oat 

tae —— 
ce 

a ats 


Typ 


Uv 
& 
= 
> 
@ 
re 
@ 
= 
/.) 


VOH 
VOL 


be 


VoMT Common Mode Output Transmit 


Differential Output Voltage Imbalance 


cr 


Vopi (Transmitt) ||Vol-|Vol| 


I+ 

3 
+ 1 
© 


= 


{ 
aul 
“s 
a 


Wi [Ween Voge Tle ev ccs = a PORNO 
Finput High Curent TTL ——=—SSSCSCSC~*dM MAX Wma | mes 
Mais) cand Wee Od Vellegs Thactiniod jest | | alice a Ye ee 
tf Input Low Curent TL SSSC*d MAX Voy | a se ee 
an: eae 
56 P75 | 
loc 


Power Supply Current 
tosc = 50ns, Ta = MAX 


Input Breakdown Current Vj = +5.5 (Tx, TENA) Bese eee 
<a (Sk ee a Ce ae ae eee 


; 


aioe 
Ricm | Common Mode Input Resistance ——~‘(|Voo=Oto MAX | ‘15k 
Vie | Receive and Colleion input Vottage [ww-0 2 
[+014 
at ae 


Receive and Collision Input High Current +0.14 + 1.10 
Receive and Collision Input High Current Voc = 0, Vin = +6V 
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Am7991A/Am7992A* 


SWITCHING TEST CIRCUIT 


Figure 5. Test Load for RX, RENA, Figure 6. Transmit + Output Test Circuit 
RCLK, TCLK 


TC000470 


Figure 7. Receive +and Collision +Input Test Circui t 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Parameters 
Receiver Specification 


ACLK Cycle Time ie ae BT a 
ACLK High Time tosc=sons = [a8 | dr 
ACLK Low Time eee ee es 
Po le a 
icant gh oe 
pase cimmeiee  eee  e 
one 12 wa Gee ae cee | 
tron | RX Hold Time (RGLK to AX Change) Mae a ea we 
[tnos | AX Prop Delay (RCLK to AX Stable) MC esc ee a 
[tory | RENA Turr-On Delay (Vino on Recewve =i RENAW | Figures Pande | |} 10 [ne 
topo | RENA TurtOff Delay (Vion on Receive + to ARENA) | Figues Tend @ | | | 160 | ne 
Be AAA Oe) ee 
[tnewa | Receive © Input Pulse Width to Reject (rut <Vigo) | Figures 7 and t@ || | ta [ns 
tnpwo | Receive = Input Pulse Width to Tuen-On (nput<Viog) | Figures 7 and 14 

a one 


Collision Specification 


tcPpwR Collision Input Pulse Width to Reject (Input < Vipc) Figures 7 and 14 


Collision Input Pulse Width to Turn-on (Collision + : 
tcpwo Exceeds Vinc) Figures 7, 12 and 14 
t Collision Input to Turn-Off CSLN (Input > V 
CPWE a (inp iLDO) Figures 7 and 14 
tCPWN Collision Input to Not Turn-Off CLSN (Input > Vipc) 
t CLSN Turrn-On Delay (V on Collision + to CLSN 
oth y Wipe — H) Figures 7, 12 and 13 
PO CLSN Turn-Off Delay (ViHp on Collision + to CLSN,) 


Decoder Acquisition Time 


o 
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[Parameters | -—-——=—=—=—~S=~iescription =| Test Conditions | Min | Typ | Max | Units | 

ee a 

Figures § and 15 

ae 
Figures 6 and 11 


TCLK High to Transmit + Output 
tToR Transmit + Output Rise Time 20 - 80% 
tToF Transmit + Output Fall Time Figure 11 


Vv Transmit Return to Zero Differential at End of Message 
op1 Voltage at 1 Bit Time 

V Transmit Return to Zero Differential at End of Message 
Ob2 Voltage at 2 Bit Time 

Vv Undershoot Voltage at Zero Differential Point on Transmit 
OD3 Return to Zero (End of Message) 

Note 1. Assumes equal capacitance loading on RCLK and RX. 


Figure 8. Receiver Timing - Start of Packet 


cg 


«V266LWIY /VL66LWIY 


REFERENCE (INITIAL PHASE REFERENCE 
BASED ON THIS EDGE) 


WF001600 


Figure 9. Receiver Timing - End of Packet (Last Bit = 0) 
‘yd, * | | | 
jibe tttHee ie 3 


WF001590 
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Am7991A/Am7992A* 


Figure 10. Receiver Timing - End of Packet (Last Bit = 1) 


WF001490 


Figure 11A. Transmitter Timing - Start of Transmission 


WF001481 
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Figure 11b. Start of Transmit - Modes 1 and 2 


«V266LWIY/VL662WY 


MODE 1 | 
ov 
| 


TSEL | z 
(MODE 1) 


ov 
DIFFERENTIAL 
MODE 2 


TRANSMIT - | | | | | 
ov 


TSEL 
(MODE 2) 


DIFFERENTIAL — OV 


3 WF001660 


Note: 1. 25ns offset from TCLK (1/4 bit time and 3/4 bit time from TCLK position edge). 
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Am7991A/Am7992A* 


Figure 12. Transmitter Timing - End of Transmission 
MODE 1 
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MODE 2 
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Figure 13. Collision Timing 
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Figure 14. Input Pulse Width Timing 


VIOC MAX (175mV) 
VIDC MIN (300mV) 


WF001711 


WF002210 
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Am8120 


Am8120 


Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 


@ Buffered common clock enable input 
@ Buffered common asynchronous clear input 
@ Three-state outputs 


@ 8-bit, high-speed parallel register with positive edge- 
triggered, D-type flip-flops 


GENERAL DESCRIPTION 


The Am8120 is an 8-bit register built using advanced Low- 
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous. clear 
input, and three-state outputs. 


When the clear input is LOW, the internal flip-flops of the 
register are reset to logic O (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates 
in the normal fashion. 


When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 


When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 


The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 


This device is packaged in a slim 24-pin package (0.3 inch 
row spacing). 


BLOCK DIAGRAM 


CLOCK 
ENABLE 


| ce 
ce 


OUTPUT 
ENABLE 


RELATED PRODUCTS 


[Part No. [Description 
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CONNECTION DIAGRAM 
Top View 


Leadiess Chip Carrier 


CD001570 


Note: Pin 1 is marked for orientation 


*Reserved — do not use. 


Am8120 
OCTAL REGISTER 


Vg Ny. Na Vata You Vp 


21 


LS000510 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am8120 B Valid Combinations 
L— Screening Option 
Blank — Standard processing 
B - Burn-in Am8120 
Temperature (See Operating Range) | 
C —Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D-24-pin CERDIP (D-24-SLIM) 

F-24-pin ceramic flatpak (F-24-1) 

L-—28-pin leadiess chip carrier (L-28-1) 

P—24-pin plastic DIP (P-24-1) 

X- Dice Valid Combinations | 

Consult the AMD sales office in your area to 

Device type determine if a device is currently available in the 
Octal D-type Flip-flop combination you wish. 
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Am8s120 


PIN DESCRIPTION 


|_Pin No. [Name _| 1/0 | Description 
a (es 


ee CLR a When the clear input is LOW, the Qj outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 


data can be entered into the register. 


Se ee eee SS Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 
See Seas Se The register three-state outputs. 


Clock Enable. When the clock enable is LOW, data on the Dj input is transferred to the Q; output on the LOW-to-HIGH 
clock transition. When the clock enable is HIGH, the Q; outputs do not change state, regardiess of the data or clock 
input transitions. 


Output Control. When the OE input is HIGH, the Yj outputs are in the high impedance state. When the OE input is 
LOW, the TRUE register data is present at the Yj; outputs. 


Function Table 


|___inputs__|_internal_ 
JOE/CLRIE| pi [cP] a | 
heer 


X | X 

X | X 

X | X 

X | X Ne 
H| H 


L 

H : 
eS 
H | 1 


H = HIGH NC = No Change 
L =LOW t = LOW-to-HIGH Transition 
X =Don't Care Z =High Impedance 


PsN it eres 


H 
H 
H 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias -55°C to +125°C Temperature 0°C to +70°C 
Supply Voltage to Ground Potential Supply Voltage +4.75V to +5.25V 
Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcoc max 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
Temperature ;. -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


: cee —- Mi, ion=-10mA——S«d=Ce|S = 
oH seek Neh vation? VIN=Vin or Vi [COMI Ion=-26mA__ | 24 | a4 | ‘| Vols 
; TES. iene SORE domNS evo ERA STAT AAO] GMT ITE 
OL tat LOW. Voltage Vin= Vin oF Vi [ to. = 8.0mA oo ee 
Guaranteed input logical HIGH 
; arpREE aan 
c in voltage for all inputs [come | OT Oa 
input Clamp Voltage Voo = MIN, In =— 18mA Pe 
input LOW Gurren Voo = MAX, Vin = 0.4V waned ae Se 
[hie | Input HIGH Gurren Voo = MAX, Vin = 2.7V Dm ek AS 
[i ____| Input HIGH Gurren Voc = MAX, Vin = 7.0V anaes Res aE a ae 
Off-State (High-Impedance) ul a aa Yo 02% fe A ae Ee ee ap 
Output Current oC Neher ae eee 
t Short Circuit Current 
Power Supply Current a 


. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. All outputs open, E = GND, Dj; inputs= CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 
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Am8120 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Description Test Conditions | Min | Typ | Max_ 


1?) 


i?) 


lear to Y 
ata (Dj) 
ata (Dj) 


=) 


Active 


Enable (E) ee 


Cy = 15pF 


are felon ic 
2 Sees span hee. oS 
_ ae irs od i ll 
ee Os Se Peas SR ee 
| ts | Clear Recovery (In-Active) to Clock Sabie Bs joicedeeairt fst: ae 
a cece 
it oy Be ee 
| ee See ee eS aS Ces Bia es a ee “SE 
= ees SS oe 
Geass! Gis) Fees ce 5 oe 
oe CL = 5.0pF ne 
daria ee GRRE BA: are SS SS 
Min’ | #5 || Maximum Glock Frequency (Note:#)2 07) arene) Tee] Uae gp | ae || 


Note 1. Per industry convention, fmax is the worst case value of the maximum device 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


operating frequency with no constraints on t,, ts, pulse 


Ss 
Parameters Description Test Conditions | Min | Max | Min | Max | Units | 
a 
es ee eee ee 
ee ee ee eee ee 
OS ee Se ee See ee a ee a PE Sa eee ee ee 
CEC a SE es ee eee 
ee ee ee eee 
Enable ANF ne 
Pee SS 
el ch sr re pe Ged Rear Bee ori, See Se sao mes as 
| ts =| Clear Recovery (In-Active) to Clock ai ee es ee Se 
HIGH | $+ St Fo 
Clock 
(oe Cee ees ta a 
SS rea Gari. ae reas oe. ek Se SE 
Ae er 
DS oe Oe Ae ee ee ae | 
ee ee CGeaG0pr\ fh ee 
is one! Crees Ge RE TTS 
|_tmax | Maximum Clock Frequency (Note 1) | SCs: CTC lS eC 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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~ LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


> 
3 
foe] 
sana 
NO 
© 


ORIVING OUTPUT OREVEN INPUT 


ICO00090 


Note: Actual current flow direction shown. 
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Am8127 


Am8127 


AmZ8000 Clock Generator 


DISTINCTIVE CHARACTERISTICS 


High-drive high-level clock output 

Special output provides clock signal matched to re- 
quirements of AmZ8000* CPU (4MHz and some 
6MHz applications), MMU and DMA devices. 
Synchronized WAIT state and time-out controls 
On-chip logic generates WAIT signal under control 
of Halt, Single-step, Status and Ready signals. Auto- 
matic time-out of peripheral wait requests. 


@ Four TTL-level clocks 
Generates synchronized TTL compatible clocks at 
16MHz, 2MHz and 1MHz to drive memory circuits 
and LSI peripheral devices. An additional TTL clock 
is synchronized with the CPU high-level clock for 
registers, latches and other peripherals. 


GENERAL DESCRIPTION 


The Am8127 Clock Generator and Controller provides the 
clock oscillator, frequency dividers and clock drivers for the 
complete array of AmZ8000 CPUs, peripherals and memo- 
ry system configurations. In addition to the special 4MHz 
output driver for the AmZ8001* and AmZ8002* CPUs, a 
standard buffered TTL 16MHz oscillator output is provided 
for a dynamic memory timing and control. In addition to 
4MHz applications, the Am8127 will also function in some 
6MHz Z8000 applications. The Am8127 forms an integral 
part of the dynamic memory support chip set including the 
Am8163 EDC and Refresh Controller, Am2964 Dynamic 
Memory Controller, Am2960 Error Detection and Correction 
Unit and Am2961/Am2962 EDC Bus Buffers. The oscillator 
is designed to operate with a 16MHz crystal or with external 
16MHz drive. The Am8127 uses an internal divide-by-4 to 
provide 4MHz clock drive to the AmZ8001/Am2Z8002 CPU. 
Additional dividers generate synchronous buffered 4, 2 and 
1MHz clock outputs for use by peripheral devices. The 
clock divider counters are clearable to allow synchroniza- 
tion of the multiple clock outputs. 


The controller functions include RESET, RUN/HALT, SIN- 
GLE-STEP, READY and a READY TIMEOUT counter which 
limits a peripheral's wait request to 16 clock cycles. The 
CPU's WAIT input is controlled by RUN/HALT, Single-Step, 
Status and READY. When RUN/HALT is LOW the Am8127 
drives the WAIT output LOW causing the CPU to add wait 
states (TW). The READY input is used by peripherals to 
request wait states. The active LOW input timeout enable, 
TOEN, is used to force TIME-OUT LOW and WAIT HIGH 16 
Clock cycles after a peripheral has requested a wait but fails 
to release the request. The CPU status lines ST;, STo and 
ST3 are decoded in the Am8127 to disable the TIMEOUT 
counter during CPU ''Internal Operations'’ and during 
refresh. 


The 4/3 input controls the clock duty cycle. An internal pull- 
up resistor pulls this input high for AmZ8000 CPUs. A LOW 
input causes the cycle counter to output a 33% duty cycle. 


BLOCK DIAGRAM 
CLOCK GENERATOR 


ST. ST2, ST3 


TWME OUT ENABLE 


BD001370 


*RESETOUT is active LOW when 4/3 = HIGH 


*Z8000, Z8001 and Z8002 are trademarks of Zilog, Inc. 
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CONNECTION DIAGRAM 
Top View 
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METALLIZATION AND PAD LAYOUT 
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DIE SIZE 0.098” x 0.088” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am8127 B Valid Combinations 


L_— Screening Option DC, DCB, DM, 
Blank - Standard processing DMB 
B - Burn-in Am8127 LC, LCB, LM, 
Temperature (See Operating Range) LMB 
C —Commercial (0°C to + 70°C) XC, XM 
M - Military (-55°C to + 125°C) 
Package 
D- 24-pin Ceramic SLIMDIP (D-24-SLIM) 
L - 28-pin Leadless Chip Carrier (L-28-1) Valid Combinations 
X- Dice Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 


AmZ8000 Clock Generator combination you wish. 
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Am8127 


PIN DESCRIPTION 


| Pin No. |Name | 1/0 | Description 
ee ee Buffered clock output for CPU and peripherals. This output has under/overshoot control and provides the high level 


output voitage required (Vcc - 0.4V). This output is capable of driving multiple CPU clock inputs (or DMA, MMU, etc). 


So ee: es Bootstrap input. The capacitor Cp is connected from the ZCK clock output to C to provide faster ZCK risetime. 


TCK TTL level buffered clock output. TCK is the same frequency as ZCK and is synchronized with ZCK. TCK is in phase 
with ZCK when the 4/3 duty cycle control input is HIGH (50% duty cycle) and out of phase with ZCK when 4/3 is LOW 
(33% ZCK duty cycle). 


TCK/2, TTL buffered clocks for peripherals. TCK/2 and TCK/4 are 1/2 and 1/4 the TCK frequency and are synchronized with 
TCK/4 the rising edge of TCK. 


The clock oscillator TTL buffered output. This output provides a high speed clock for dynamic memory timing (e.g. 
AmZ8000 uses this output to generate RAS/MUX-Select/CAS timing for dynamic RAMs) or other system application. 
The ZCK and TCK outputs are synchronized to the OSC rising edge. 


Clock duty cycle control for ZCK and TCK. A HIGH input (no connection — input has internal pull-up) will result in a 
50% duty cycle for AmZ8000 application. A LOW input will cause a 33% duty cycle ZCK output. 
The clear active LOW input for internal counters. A LOW input meeting set-up and hold time requirements will clear 
the internal clock counters on the rising edge of OSC. 

The WAIT output for connection to the CPU WATT input. This latched output controls when the CPU enters wait states 
in response to the READY, ST;, ST2, ST3, RUN/HALT and Single Step inputs. 


The active HIGH READY input is used by peripherals to request wait states. Ready inputs must meet the wait latch 
set-up and hold time requirements. 


The Timeout Counter active LOW output. The Timeout Counter counts ZCK/TCK clock cycles and is used to force 
WAIT HIGH 15 clock cycles after a peripheral has requested a wait but has failed to release the request. This output is 
normally used to interrupt the CPU. 


The Timeout Enable active LOW input. A LOW input allows the Timeout Counter to count, causes the TIMEOUT 

output to go LOW for one ZCK/TCK clock period after 15 cycles and forces WAIT HIGH at the rising edge of the 16th 

cycle. A HIGH input disables the counter and allows WAIT to be controlled by the READY, RUN/H HALT and Single 

Step inputs. 

The Reset Output to the CPU. It is active LOW when the 4/3 input is HIGH and active HIGH when the 4/3 input is 
Ow. 


The active LOW Reset Input. A LOW input will cause RESETOUT to go LOW synchronous with ZCK 
Pushbutton reset is implemented by momentarily grounding RESETIN. Power-up reset is implemented by connecting 
a capacitor from to ground. Capacitor values from 10uF to 22uF will provide a power-up of less than one 


A debounced input to allow halt and Single Step control modes. A HIGH input allows the CPU to run. A LOW input 
forces the output LOW causing the oy to enter, continuous wait states until the ZCK period after RUN/HALT 
returned to HIGH. 


SSNO, Single Step control inputs. These debounced input alion the CPU to Single Step from one wait state to the next by 
SSNC money disconnecting SSNC from ground ae grounding SSNO. RUN/HALT must be LOW for Single Step 


ST, STo, Status inputs from AmZ8000 CPU's and peripherals. Continuous LOW inputs indicate that the CPU is executing 
ST3 "internal operation"’ or ''refresh.'’ During this time the time out is disabled to avoid signaling an inappropriate interrupt. 
The status inputs are subject to the set-up and hold time requirements of the WAIT latch. 
| 10,11 -|X4, X2__—«|—'|.__| External crystal connections (see application section). X; may be driven directly by a TTL input. 


*RESETOUT is active LOW when 4/3 = HIGH. 
TYPICAL CRYSTAL SPEC 


Fundamental AT cut 
Parallel or Series 


32pF 


aS +0.01% 
Stability (or to user requirement) 


WAIT, TIMEOUT FUNCTION TABLE 


ro tak] oe ee a 
ae EL See ee ee 
L H 


H until 16 sa tae 
after ready t , then after ready , then 


Count +L on 
zck LOW one ZCK period HIGH one ZCK HGH ore 206 pete 
= — one 
ZCK period 
a a 
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BLOCK DIAGRAM 
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Am8127 


CRYSTAL CONTROLLED OSCILLATOR 


DF000380 


EXTERNAL CLOCK DRIVE 


DF000370 


AmZ8000 APPLICATION 
(50% Duty Cycle ZCK) 


RUN/HALT 


SSNO ne 


RESETIN 


(ALTERNATE) 


The typical operating configuration for Am8127 is shown 
above. The component values shown provide a 4MHz clock 
output for the AmZ8002 CPU. The 27pF capacitor from C to 
ZCK is a bootstrap to ensure clock rise to Voc —0.4V within 
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*RESETOUT is active LOW when 4/3 = HIGH 


DF000350 


the specified rise time. The 22uF reset capacitor is chosen to 
guarantee reset, plus adequate delay for reset during power- 
up with a slowly rising Vcc supply voltage. Ground SSNO if 
RUN/HALT or S-S isn't used. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 

Temperature (Ambient) Under Bias -55°C to +125°C Temperature 0°C to +70°C 

Supply Voltage to Ground Potential Supply Voltage +4.75V to +5.25V 
(Pin 24 to Pin 12) Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs For 
High Output State -0.5V to +Vcc max 

DC Input Voltage ; 
X1,4/3, SSNO, SSNC, RUN/ HALT.....-0.5V to Voc +0.5V 
Other Inputs -0.5V to +5.5V 

DC Voltage Applied to C 

DC Output Current, Into Outputs 

DC input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Military (M) Devices 
Temperature -55°C to + 125°C 
Supply Voltage ...............s0.00 isan. +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


20K | lon =-0.1mA Noo 0.1-f | volte 
Output HIGH Voltage | Voc =MIN | +7, | lon =-1mA ae . S 
‘ olts 
Outputs | Io,, = -2.6mA COM'L 


| [lon =0.1ma 2CK Output | ||| Volts 
ee 


See J EE 
robe X4, aber 
Guaranteed input FOEN ST3. CLR, 
[vi [input Clamp Votiage | Voc =MIN, iw=—T6mA (Note 9 Se eee ee 


‘Voo = MIN | 2 ae: | 
sre 


: wie | eases FT BY 
: laity Fo SB tL 


RESETA. STo, ST3 


Yoo mutt ee Ys a 


Input HIGH Current 
P Vin = 2.7V eR READY, TOEN +50 pA 
ST;, ST2, ST3 


X4 
Voc = MAX, CUR, READY, TOEN 
Input HIGH Current Vin = 5.5V ST1, ST», ST3 
Output Short Circuit | vy. - max 2CK Output pe 60 | 


X; = 2.4V, ZCK = TCK's = LOW 
Power Supply Current | Vcc = MAX 
Operating, fosc <24MHz (Note 6) 


. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not applicable to Xj. 

. Specification is negative because of internal input pull-up resistors. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


. For oscillator frequencies up to 24MHz, outputs open. 
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Am8127 


STATIC INPUT ELECTRICAL to the +5V supply. They may be left open for a HIGH input 
CHARACTERISTICS (e.g., 4/3 is left open for operation with AmZ8001/8002), or 

grounded for a LOW input. SSNO, SSNC and RUN/ HALT are 
The static control inputs, SSNO, SSNC (Single Step), RUN/ intended to be grounded or opened by switches. 4/3 is 
HALT and 4/3 (clock duty cycle control), are Low-Power normally left open for AmZ8001/8002. These inputs are 
Schottky TT! compatible inputs with internal pull-up resistors specified at 0.4V/2.4V for test convenience. 


Description ____Test_ Conditions _ Min | typ | Max | Units 


Input LOW Voltage | Guaranteed LOW input voltage SSNC,4/3 ea Ber ee ee 
03432C 
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SWITCHING TEST CIRCUIT 


TC000700 


ZCK Output TTL Outputs 


SWITCHING TEST WAVEFORMS 
ZCK RISE AND FALL TIMES 


WF002190 


SET-UP AND HOLD TIMES PROPAGATION DELAY TIMES 


2.0V FOR ZCK OUTPUT 
1.3V FOR TTL OUTPUT 


2.0V FOR ZCK 
1.3V FOR TT 

WF001900 eee 

WF001890 


SWITCHING CHARACTERISTICS —OSCILLATOR, WAIT AND ZCK OUTPUT 
(Ta = +25°C, Vcc = 5.0V) 


tte: | 2CK Fall Time GC = 80pF (Note 8) 
ZGK Rise Tine oe 
| ttc -—~——ss«| 2K Fall time Cy = 200pF (Note 8) 
faa 

READY to WAIT 


t Status STj to WAIT 
ts | GER to Osc (_F ) Setup Time 
| ty ss GER to OSC (_F ) Hold Time 


Notes: 7. Specification is based on fundamental mode crystal. See application section. 


See Test Circuits 


8. ZCK rise and fall times are based on a bootstrap capacitor value of 27pF. 
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Am8127 


SWITCHING CHARACTERISTICS — 4/3 = HIGH (AmZ8000 Mode) 
(Ta = +25°C, Voc= 5.0V) 


Description Test Conditions | Min | Typ | Max | Units | 


Dis | READY to 20K Setup Time] Tie+io | tases] ne 
Py | READY to ZCK Hod Time Er sR el 
Pts | Status 81 to ZCK Setup Time | (ote 9 Tia+i2 [Tae+es| | re 
Dy | Status 5, to 20K Hold Tine ia-3 | Wiede 
(eee | tee ee | oe 
ci [TORN ingieK Hod te fd Ke oe 
Ce ee 
Rinse Gia 
(a 

eee 


Note: 9. T = ZCK period. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE — 
OSCILLATOR, WAIT AND ZCK OUTPUTS* 


Description Test Conditions 


Oscillator Frequency (Note 7) 


—e 
Oy = 200eF 
C= 2000F| _tNote 8) 


READY to WAIT Propagation Delay 
Status ST; to WAIT Propagation Delay See Test Circuits 
2 eee See CLR to OSC ( ) Setup Time 
| ty  -—_—_—sd(| LR to OSC (_} ) Hold Time 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE — 
4/3 = HIGH (AmZ8000 Mode) 


COMMERCIAL MILITARY 


aR. ok 
i | c= 
ot 
N 


Parameters Description Test Conditions | Min | Max | Min | Max | 
Tis | READY to ZCK Setup Time = | EPS aac Foe aS ep 
ty (| READY to ZCK Hold Time —= rTa+s | | ee te 
rts | Status STj to ZK Setup Time. Taipan sy oj aeee baie 
Tt | Status STi to ZOK Hold Time es eas Se ee 
ie | TORT 2G Sone Tine Sea ieet.cioi tL a 
[ties | ait | TORN AQECK Hold Timasitiincs test | 20K C= 80pF -[ooggeeda | 0 | spiecuhawe | 
Piemewo | | 2OK OSC Show cyst as et ade oe 
Pixew,.| [20h OTK Stow ee |e ee 
a es es a ee or 
RON ESE TOUT Provsaseen mae Ee BE bs eee 
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TIMEOUT COUNTER TIMING 


> 
3 
oe 
anadie 
NO 
~“ 


N may be 

- Wired HIGH to Disable TIMEOUT. 

+ Weed LOW to Enable THMEOUT te Occur 36 Clocks After READY LU 
Driven by a TTL input to Extend TIMEOUT \ 


Note: if TOEN is Disabled (TOEN = HIGH) Duri 
TIMEOUT (TIMEOUT = LOW) the TIMEOUT 
Signal will be Shortened. Also a Double Pulse 


witt Occur. This Situation is Avoided by Syn- 
chronizing the TOEN Input to CLK or Avoiding 
Controlling TOEN During Count 15. 


Am8127 CLOCK OUTPUTS 
DIVIDE BY 4 MODE (AmZ8000) 


WF002030 
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Am8127 READY, WAIT, RESET, AND SINGLE STEP 


WF002010 
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Am8152A/53A 


Video System Controller (VSC) 


DISTINCTIVE CHARACTERISTICS 


Proportional Spacing Support (2-17 dots) 

9-bit dot data parallel input, with expansion capability to 
seventeen bits 

Trailing blanks (0-3 dots) 

Buffered and Synchronized Vertical and Horizontal Sync 
Outputs are Character Clock Outputs 


@ Attribute Support: 
Character Blink 
Underline 
Overstrike 
Reverse 
Highlight 

@ Background color selection 


GENERAL DESCRIPTION 


The Am8152A/53A Video System Controller (VSC) pro- 
vides interface between a CRT controller and a CRT 
monitor. The basic chip functions are: 
Support proportional and non-proportional character 
display | 
Correctly synchronize and mix character attributes with 
video signals 
Output the video information in a four-level analog or 
digital format 


The VSC consists of a parallel-to-serial converter which 
provides a video bit stream to on-chip attribute logic. This 
logic, under control of the attribute inputs, operates on the 
bit stream to generate grey scale video. Video outputs from 
the VSC are of two forms — analog and digital. The digitally 
encoded outputs implement four video levels: Blank, Black, 
Grey and White. Identical information is available in analog 


form via differential outputs (current driven) into a nominal 
75Q. impedance. 


The Am8152A/53A also supports proportional spacing 
using a bit width programmable character clock. Character 
ROM pixel information is selectable from two to seventeen 
pixels per character. Up to three blank pixels can be 
appended to the character ROM input thereby facilitating 
right justification of text. 


The difference between the Am8152A and the Am8153A is 
in the output scheme. The Am8152A has standard TTL 


outputs and operates in the 25 -60MHz range, while the © 


Am8153A has 10K ECL outputs and operates in the 
40 — 100MHz range. 


The Am8152A/53A is fabricated using AMD's advanced 
bipolar process with internal ECL logic. The device is 
available in conventional 48-pin dual in-line packages. 


BLOCK DIAGRAM 
Figure 1. 


CLK, 
OIVR $EXTDCLK 


Chip Pak is a trademark of Advanced Micro Devices, Inc. 
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Am8152A/53A 


CONNECTION DIAGRAM 
Top View 


Leadiess Chip Carrier 
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ORDERING INFORMATION 


Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am8152A/53A P Cc B 
L— Screening Option 
Blank — Standard processing 
B - Burn-in 


Temperature (See Operating Range) 
C -—Commercial (0°C to + 70°C) 
M - Military (-55°C to +125°C) 


Package 

D- 48 pin CERDIP (D-48-1) 

L-—52 Pin Leadiess Chip Carrier (L-52-1 

X- Dice é { Valid Combinations 


DC, DCB 
DM, DMB 

LC, LM, LMB 
XC, XM 


Am8152A/53A 


Video System Controller combination you wish. 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 


Valid Combinations 


Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 
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CLK2DR 


ioe) 


L 
L 
L 
i 
: 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


de ke en he os a eee Eee 


PIN DESCRIPTION 


CLOCK, (output, non-TTL compatible) 
MCLK; is a system clock. It is intended to drive 
the Am8052 horizontal and vertical timing circuit- 
ry as well as the DMA operations. MCLK, output 
is nominally a square wave divided down from 
the internal dot clock frequency according to the 
CLK; DR (CLK, Divide Ratio) input. 


CLK, DIVIDE RATIO (inputs (3)) 

CLK; DR are three inputs which control the 
MCLK; divide ratio. The three inputs may be 
programmed to divide the MCLK signal by two, 
four, six, ..., sixteen. 


a DR 


ar iritikr to 
OnNOonnhwn = 
OnNOnnR WD — 


CLOCKg2 (output, non-TTL compatible) 
MCLKo is a character display clock. Its function 
is to control the character code and attribute 
data output rate from the appropriate Am8052 
CRTC's ports. : 


CLOCK? DIVIDE RATIO (inputs (4)) 

CLK2 DR are four inputs which control an 
internal divider to divide the dot clock frequency 
by a value from two to seventeen. 


TIiIrrt ier reese ereey 
ee ae ee Ee oe ee oo ee ee CO 
DBONNODOOAAAAAWAWNHN — — 
OBDOANNDO AAA A WANN — 


Note 1: A, B, C, and D are measured in 
EXTDCLK periods. 
(See Reset Timing on page 15). 
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TCLK2 


X4, Xo/ 
RES 


X3 


VSYNC 


VSDLD 


HSYNC 


HSDLD 


SSEL 


CBLANK 


TTL CLOCKg2 (output) 
TCLKg is a TTL compatible version of MCLKo. 


X1, Xo/RESET (inputs, Xo is non-TTL com- 
patible, reset is TTL compatible) 
X41, X2/RES are the external crystal inputs when 


the on-chip oscillator of the VSC is being used. 
The external crystal frequency is multiplied by — 


five to produce the on-chip dot clock. If the 
external dot clock option is used, the X; should 
be tied LOW and X2/RES may be used as a 
reset input, to synchronize multiple VSC's. Note 
that the reset signal should be synchronous to 
the external dot clock. 


X3 (input, non-TTL compatible) 
X3 is used as an input to the on-chip voltage- 


controlled oscillator, When the on-chip oscillator - 


of the VSR is being used, X3 should be connect- 
ed to ground by an appropriate capacitor. If the 
external dot clock option is used, X3 and X, 
should be tied LOW. 


VERTICAL SYNC (input) 

VSYNC is an input that must be synchronous to 
either MCLK; or MCLK»s, dependent on the 
SSEL input. If SSEL is HIGH, VSYNC must be 
synchronous to MCLK}. 


VERTICAL SYNC DELAYED (output) 
VSDLD is the delayed output of VSYNC, syn- 
chronous to MCLK; or MCLKo, sittin. on 
the setting of SSEL. 


HORIZONTAL SYNC DELAYED (input) 
HSYNC is an input that must be synchronous to 
either MCLK; or MCLKg, dependent upon the 
SSEL input. If SSEL is LOW, HSYNC must be 
synchronous to MCLKo; if SSEL is HIGH, 
HSYNC must be synchronous to MCLKj. 


HORIZONTAL SYNC (output) 

HSDLD is the delayed output of HSYNC, syn- 
chronous to MCLK; or MCLKog, depending upon 
the setting of SSEL. 


SYNC SELECT (input) 

The SSEL line determines if the VSYNC, HSYNC 
and BLANK are going to be synchronized to the 
MCLK or MCLKo signals. A HIGH on SSEL also 
will resynchronize CLKa and CLK; during blanking. 


CHARACTER BLANK (input) 

CBLANK forces video output levels (VID, VIDo, 
VIDOUT and VIDOUT) to switch to the back- 
ground color level. 
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- Am8152A/53A 


BLANK 


FORE 


REV 


FS 


TBo, TB; 


DDo - DDg 


BS 


BLANK (input) 

BLANK is an input normally synchronous to 
MCLKy, although it may be synchronous to 
MCLKog in non-proportional spacing applications. 


The active pulse width of BLANK will usually . 


overlap the inactive-to-active waveforms of 
HSYNC and VSYNC, as well as the active-to- 
inactive portion of VSYNC. While BLANk is 
active TCLK2/MCLKo may be forced to synchro- 
nize to the MCLK; clock. When BLANK goes 
inactive, the rising edges of MCLK; and TCLKo/ 
MCLK2 must be synchronized in order to pre- 
vent ''dot walk"’ in proportional spacing applica- 
tions. BLANK active also forces the video output 
level to ''blank"’ regardless of DD, FORE or 
other inputs. 


FOREGROUND VIDEO (input) 

The FORE video input is ''OR'ed"' with the dot 
data output by the parallel-to-serial shift register 
to switch to the foreground color level (e.g., to 
implement underlines). 


REVERSE (input) 

The REV input causes the foreground color 
levels to be transposed with the background 
color level for the total character period (includ- 
ing any tracking blanks). 


FOREGROUND SHIFT (input) 
The FS input causes the shift in the video output 
levels to produce a highlight effect. See Table 1. 


TRAILING BLANKS (inputs (2)) 

The TB inputs concatenate ''blank"’ video dots 
to the tail end of the dot data contained in the 
parallel-to-serial shift register. TB can be speci- 
fied to concatenate 0, 1, 2 or 3 dots. The TB 
value is also added to the CLKa DR value to 
obtain the total. The combination of all CLKgDR 
inputs being High (17 dots) and both TB inputs 
being High (3 trailing blanks) is not allowed. The 
maximum CLKog period is 19 dot periods. 


DOT DATA (inputs (9)) 

The DD inputs accept parallel character dot 
matrix information for serial conversion for video 
output. DD data is accepted at the TCLKo/ 
MCLKo clock rate. DDo is shifted out first. 


BACKGROUND SELECT (input) 

The BS input specifies the color level of the 
background video. This input can be overridden 
by BLANK active. 
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VIDOUT, 
VIDOUT 


VID;, VID2 


GRLVL 


DW 


EXTDCLK 


VIDEO OUTPUT 

(analog outputs (2), non-TTL compatible) 
VIDOUT and VIDOUT outputs in a differential 
mode the composite blank, and video dot levels 
to a nominal 75Q load impedance from switched 
current sources. 


VIDEO DIGITAL 

(outputs (2), (8152A-TTL; 8153A-ECL) 

VID; and VIDo are digitally encoded outputs of 
the video out. VID; is the least significant bit. 
Encoding is as follows: 


VID2 VID, 

(VID- (HIGH- 

EO) LIGHT) 
Blank Level 0 0 
Black 0 1 
Grey 1 0 
White 1 1 


GREY LEVEL (input) 


The GRLVL input adjusts the current level out- 
put, via the VIDOUT and VIDOUT outputs, of the 
grey video level. There are two pre-selected grey 
levels; for GRLVL HIGH grey is brighter, for LOW 
grey is darker. 


DOUBLE WIDTH (inputs) 

The DW input, when active HIGH, causes the 
dot clock supplied to the TCLK2/MCLKo clock 
divide to be divided by two. This function is used 
to facilitate doubling the width.of a character cell 
matrix in the horizontal. direction. The trailing 
blank information is also widened during a dou- 
ble width character. 


EXTERNAL DOT CLOCK . 

(input, 8152A-TTL; 8153A-ECL) 

EXTDCLK is an external, TTL or ECL compatible 
dot clock input for use in multiple Am8152A/53A 
configurations. This signal replaces the internal 
oscillator function. To enable EXTDCLK both X, 
and X3 must be grounded. 


ANALOG OUTPUTS CURRENT ADJUST 
(input, non-TTL compatible) 

Analog output current adjust is used for setting 
the analog video output current to 13.3mA. This 
is done by connecting AADJ to V via an 
applicable 1% resistor. 
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~ Figure 2. Am8152/53A Application with Am8052 CRT Controller 
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RESET TIMING FOR Am8152A/53A 


NOTE (1) NOTE (1) 
A B 


NOTE (1) NOTE (1) 
c D 


WF003190 


Note 1. See pin description 
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Am8153A 10K ECL SPECIFICATIONS 


Am8152A/53A 


WF003200 


DOTCLOCK GENERATION MODE 
EXTERNAL CLOCK FLOW THROUGH MODE 


Am8152A 


fsuiFt-out = fextcLocK fsHiet-ouT = fextcLock 


GND, GND» 


EXTCLOCK ~ EXTCLOCK ~ 
EXTDCLK EXTDCLK 


AF002140 AF002110 


EXTERNAL CLOCK MULTIPLIER MODE 


EXTCLOCK 


f i =5°'f 
fsuiet-out = 5° fextcLock SHIFT-OUT EXTCLOCK 


XQ 
X3 


GND, GND, 


XTDCLK 
EXTDCLK lise 


EOE ee AF002120 
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CRYSTAL OSCILLATOR MULTIPLIER MODE 


CRYSTAL 
8MHz— 20MHz 


tsiet-out = 5° forysTac 


tsriet-out = 5° forysTAL 


Xo 


X3 


GND, 


EXTDCLK 


AF002160 


FUNCTIONAL DESCRIPTION 


The Am8152A Video System Controller (VSC) supports both 
black and white and color video applications for CPUs, CRT 
controllers, and terminals. The essential functions of the VSC 
are to support proportional and non-proportional character 
display, to synchronize and mix character attributes with video, 
and to output the video in a four level analog or digital format. 


PARALLEL PIXEL LOADING 


Pixel information that must be serialized for video transmission 
is loaded into the serial shift register via inputs DDp - DDg. 
Information is loaded on both edges of the MCLKo character 
clock, as shown in Figure 3. The information set up on DD(0:7) 
prior to the falling edge of MCLKoa is loaded into positions 
VIDg - VID16. Note that DDg information is ignored. Informa- 
tion set up on DD(0:8) prior to the rising edge of MCLKo is 
loaded into positions VIDg - VIDg. Thus, up to 17 bits of pixel 
information can be loaded into the shift register. Note that if 
the character width is nine pixels or less the information 
captured on the falling edge of the MCLKoa is not used. Any 
trailing blank insertion only occurs after the total number of 
pixels for the character have been transmitted. CLK2DR (0:3) 
and TB (0:1) determine the divide ratio for the character clock. 


AF002130 


The sum of both values specifies the character clock period in 
dot clocks. During the trailing blank, the VSC shifts out what 
was loaded into the shift register. Therefore, it is the responsi- 
bility of the user to insure that the pixels output during the 
trailing blank dot period are set to the blank level. 


VIDEO OPERATION 


Parallel video data is obtained from the character ROM inputs; 
bits are shifted out serially and mixed with attribute information 
such as underline, shifted underline, and any other video 
sources. Video is internally encoded into one of four levels: 
White, Grey, Black and Blank. White is the highest analog 
current level, and Blank is the lowest. This information is then 
output through two ports (see Figure 5/6). One port provides a 
single current source output into a 7522 impedance and the 
second port outputs either encoded TTL or ECL video on two 
pins. 


There are two distinct blank inputs to the Am8152A/53A. 
BLANK is the CRTC's horizontal and vertical retrace period 
input which causes a blank output level to the display. 
CBLANK is an attribute input to selectively blank a character 
cell by forcing the video information for the particular charac- 


ter cell period to switch to the selected background color level. 


Figure 3. Shift Register Loading 


VID 46 VIDg 


LOAD DDg —DDo (CHAR N) 
INTO VIDg - VIDp 


LOAD DD7-DDp (CHAR N) 
INTO VID yg —VIDg 


SHIFT OUT 


LOAD DDg - DDp (CHAR N+1) 
INTO VIDg —ViDg 


DF000940 
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ves/vesisuy 


Am8152A/53A 


VIDEO INPUTS/OUTPUTS 


Video information may be input in a number of different ways. 
Table 1 depicts all the combinations of video outputs achiev- 
able with each of the various inputs. The background color is 
determined by a separate pin input allowing either a black or 
white background. Using the REVERSE VIDEO (REV) input, a 
grey background can also be selected. The foreground then 
becomes black or white according to the signal on the 
foreground SHIFT line. Foreground and video sums can be 
modified depending on the combination of background, fore- 
ground shift, and reverse inputs. The user may apply any of his 
video inputs to the foreground to obtain a desired effect. 


TABLE 1. Am8152A/53A VIDEO ATTRIBUTES 


INPUTS 
CBLANK (DD (0 : 8) + FORE) 


Am8152A/53A VIDEO 
ATTRIBUTES 


0 0 0 0 
0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 

0 1 1 0 
0 1 1 1 


(COM’L) 4.0V 
(MAL) 3.6V 


11-74 


MCLK,/MCLK> PERIOD 


SYSTEM TIMING 


The CPU clock (MCLK ) output is derived from an on-board 
oscillator by an externally programmable divide by two or three 
prescaler and a one to eight decoder. The internal oscillator is 
capable of operating a frequency of up to 100MHz and in a 
fundamental or third harmonic mode. Figure 4 shows the 
output waveform of MCLK; and MCLKo. 


The character clock (MCLK2) output to the CRTC is frequency 
modulated according to the chosen number of dots per 
character cell. The duty cycle of MCLKo is 50% (+1 dot clock 
period) and is derived from an internal crystal driven oscillator 
whose divide ratio is set by the width of the character ROM 
plus the number of trailing blanks. A double width input further 
modifies MCLKz doubling the character width. During an 
active BLANK input MCLKo is internally re-synchronized to 
MCLK}. This action aligns character cells at the left-end side 
of the display thereby eliminating ''Dot Walk.'' The Vertical 
and Horizontal Sync (VSYNC, HSYNC) inputs from the CRT 
controller are buffered and delayed by a MCLK; or MCLKo 
clock period in order to phase correctly with the character 
video output. 


PROPORTIONAL/VARIABLE SPACING 


Proportional spacing is achieved by programming on a charac- 
ter-by-character basis, a number of two to twenty dot clock 
periods per character. The character ROM pixel information is 
selectable from two to seventeen per character. Up to three 
trailing blank pixels can be concatenated to the character 
ROM input, making it easier to provide a straight right margin 
for right justification of text. 


COLOR APPLICATION 


The Am8152A/53A may be used for many high-end color 
display applications. The foreground video and background 
information is mixed by the Am8152A/53A, and the encoded 
TTL video output can be used externally to select a color mix 
for the particular pixel being displayed. The horizontal and 
vertical synchronization, and video blank is output by the 
Am8152A/53A. 


WF001730 
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Figure 5. Analog Video Outputs and Digital Figure 6. Analog Video Outputs and Digital 
Video Outputs for Am8152A Video Outputs for Am8153A 


5V MIN —= 8.5V MAX OV MIN—= 3.5V MAX 


ves/ves iswy 


+3.5V MIN 


10K ECL —1.0V MIN 


DFO00950 DFOO00960 


ANALOG ELECTRICAL CHARACTERISTICS (see notes) 


The following conditions apply unless otherwise specified: 
COM'L Ta =0 to +70°C Voc = 5.0V +5% (Min = 4.75V Max = 5.25V) Am8152A: V- = OV Am8153A: VU =-5.2V +5% 
MIL To =-55 to +125°C Voc = 5.0V +10% (Min = 4.50V Max = 5.50V) V- =0V V~ =-5.2V+10% 


vipouT a 
Grey 


DRIFT OVER OPERATING CONDITIONS 
(For particular part) 


Notes: 
1. Test Condition: Normal lwnite for VIDOUT + 13.3mA. 6. Am8152A 
2. Positive current flowing into VIDOUT/VIDOUT. ; V Pull-Up: 8.5V >V Pull-Up > Voc 
3. tp, te =5ns Max. VIDOUT/VIDOUT: (V Pull-Up) > VIDOUT/VIDOUT > (Vcc - 1V) 
4. VIDOUT output currents normalized to lwnite. VIDOUT output 7. Am8153A 
currents V 
normalized Pull- 
to Blank: Up: 
3.5V2V 
Pull- 
Up 2 0V 
5. Min/Max values for VIDOUT and VIDOUT account for variation VIDOUT/VIDOUT: (V Pull-Up) > VIDOUT/VIDOUT > - 1.0V 


of different devices. 
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Am8152A/53A 


ABSOLUTE MAXIMUM RATINGS : OPERATING RANGES 


Storage Temperature ....................eeeee -65°C to + 150°C Commerdat (0). Daviens 0°C 70°C 
Supply Voltage to Ground Potential pen ee ee ee re to + 
Supply Voltage .................cceeeeeeees +4.75V to +5.25V 
SAINI 6525558, i otic dees see -0.5V to +7.0V PPly g 
DC Voltage Applied to Outputs for Military (M) Devices 
PHN A DUNE SANS 5... 5s oe -ssic ae nc -0.5V to +Vcoc TGIADOEAUNO 6. i555 cocci dice sesntntbives -55°C to + 125°C 
ORS Wiput VGtage. i. bi cases cc eee ci -0.5V to +5.5V SUPpty VONAGC «0... csccsincassecns¥OOebics ss +4.5V to +5.5V 
DC Output Current into Outputs ............0.....0.5...... 30MA Operating ranges define those limits over which the function- 
DC. Input-Current doce. BME oo cscs -30mA to +5.0mA ality of the device is guaranteed. 


Am8152A DC CHARACTERISTICS (See Note 4) 


eee eee, 
Eds ae toy 


s|s/5|s | |s 
B|o|e |e a 


lo. = 0.1mMA MCLKy;2 
VOL Output LOW Voltage Voc = Min 
lo. = 16mA TTL Outputs 


Guaranteed Input HIGH Voltage 
Guaranteed Input LOW Voltage 
Voc = Min, lin =-18MA 


All Inputs (Except RES, 
yoo Pork EXTDCLK) 
IN = ¥. 
é RES, EXTDCLK oe ogee 
All Inputs (Except RES) 
Voc = Max 
| H t 
= nput HIGH Curren Vin = 2.7V AES 
Input HIGH Current at Voc = Max 
Max Input Voltage Vin = 5.5V 


A TMGLKy, MOLKg 80 

so Yoo™ Mey Oneal ae 
pe 

et 


+ FFL e 


Voc: = Max Over Operating Range 


Power Supply Current Voce = Max @ Ta = 70°C 
@ To = 125°C 


. For conditions shown as Min or Max use the appropriate value specified under DC Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Except : X4, Xe, X3, AADJ, VIDOUT, VIDOUT. | 
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Am8153A DC CHARACTERSTICS (See Note 4) 


The following conditions apply unless otherwise specified: 
COM'L Ta =0 to +70°C Voc = 5.0V +5% (Min = 4.75V Max = 5.25V) V7 =-5.2V +5% (Min =-4.94V Max = -5.46V) 
MIL To =-55 to +125°C Voc = 5.0V +10% (Min = 4.50V Max = 5.50V) V~ =-5.2V +10% (Min =-4.68V Max = -5.72V) 


2 Typ 
Description Test Conditions. (Note 1) eo (Note 2) ode | 


ves/ves guy 


saute eS ee 

OH utpu orage cc = min : Volts 
| Sie = Se eae ae Bee 
os | lots 204 —_ ae 
yp eoga vote | 
ee oe core a 
ee ee Gomnrined hpi GEE: Mi ae 
Vi [Input LOW Level____| Guaranteed input LOW Voltage Be? 
Yoo = Min iw = = 16H mee a 
uw ————_fiout tow cure [vga All Inputs (Except RES) | | | 0-4 | mA 
i — Ae ea es Se 
ares Voc = Max All Inputs (Except RES) | | | +80 | A 
a shat Marent ek ee SS 
ya ea Ga 

Max Input Voltage Vin = 5.5V : 

(udinsk Short Coxrere : MGLK MGLKe Ss; 8 | ~SS*| «250 +| =A CS 
ee a tee 
[Over Operating Range | S| || 
II<CC> CE ce eae oe Sg een Ss OO SOR We Be 
Woes. ee 
| Ce aes a es ee 
Power Supply Curent |v-=Mex [@Tarvorc CEST SCT =| mA 
CEA.» eee Seen eee ee ee Se 


Notes: 1. For conditions shown as Min or Max use the appropriate value specified under DC Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Except: X;, Xo, X3, AADJ, VIDOUT, VIDOUT, VID;, VID2, EXTDCLK. 


DC CHARACTERISTICS 


COM'L ae 0 to 70°C Voc = 5.0V +5% GND = OV V- =-5.2V +5% (Max = -5.46, Min = -4.94) 
MIL c =-55 to 125°C Voc = 5.0V +10% GND = 0V V- =-5.2V +10% (Max = -5.72, Min = -4.68) 


Test 
Parameters Conditions 

10K ECL VOH (Max) 502 -880 -840 -780 -720 -630 

Output VOH (Min) to -2V - 1080 - 1000 -930 -900 -825 

yee VOHA (Min) -1100 - 1020 -950 -920 -845 

VID, and VOLA (Max) 502 - 1635 - 1645 - 1600 - 1605 - 1525 

VID VOL (Max) to -2V -1655 - 1665 - 1620 - 1625 ~ 1545 

- VOL (Min) -1920 - 1870 - 1850 - 1830 - 1820 
10K ECL ViH (Max) -880 -840 -780 ~720 -630 mV 
Input VIHA (Min) -1255 -1145 -1105 - 1045 ~ 1000 mV 
VILA (M -1490 -1475 - 1450 -1400 mV 


V~ = Max 

Vin = ViH_ (Max) 
V~ = Max 

Vin = VIL (Min 
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Am8152A/53A 


SWITCHING TEST CIRCUIT 


MCLK;/MCLK2 OUTPUT TTL OUTPUTS — TCLK2g OUTPUT 
EXCEPT TCLK2 


+5V 


TC001530 


ECL OUTPUTS ANALOG OUTPUTS 
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Am8152A SWITCHING CHARACTERISTICS OVER OPERATING RANGE © 


(Ta =0 to 70°C, Voc = 5.0V +5%, V = OV) 


no ae eee en Bee BL ee 


> 
3 
© 
sad 
oO 
iS) 
> 
~ 
wi 
rx) 
> 


a een ee 
ee a ee 
Loo. nar | ee Gee Gina ee 
Riis ye 
Manes ee 
PMCLKe LOW (See Notes Sande) SCSSCSCS~C~Sa | TY 
a ae 
ae IS See 
i oe | 


TOLK2 FE to MCLKe FE sa us > | Re SS 
TCLKa to VSD, HSLD (SSEL = LOW) Pr ~ E@k1p | Stone 
DD(0:7) to TCLKa FE d@e Tae BS 
TCLKa RE to VID; VID2 VAL (See Note 2) i oO @ 48 ea Sa Tg | Ol ne =o 5 
BLANK FE to MOLKe RE Soup GSEL-@i UU A Wl | = Cds 

BLANK RE to MCLKy A Tea gael an Ap 


ss 


eo eee | me 

ue es ee 
P28 ERTDCLK to HSDLD/VSOLD (SSEL Hi Pain Ee Ba Ee ess 
Pe te oF | extocle HOOVES LO) pe 
[a lxbetnnias 9 | a ee ee 
aa lomeku anova ee ee 
oo a eaoeeuvemsan, = see ee eo ee 
oe lowe |. | | ee ee 
3  omaGe ee ee 
2 ee ee a 
eS a MNES Re ee 
ee ee PTS RF 


Notes: 1. Data includes CBLANK, FORE, REV, FS, DDo-DDg, TBO, TB1, BS, CLK;DR, CLKaDR, DW. 
First Pixel of character. Tp is pixel period as defined by oscillator frequency. 
3. Max undershoot on these outputs is guaranteed to be -0.3V. 

4. Tp is the dot clock period. 

5. Guaranteed to 100ns MCLK; cycle time. 

6. Guaranteed to 70ns MCLKoa cycle time (even divide ratio only). 


p= 
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Am8152A/53A 


Am8153A SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
(Ta =0 to 70°C, Voc = 5.0V +5%, V7 25 2V +5%) wan 


LANGL Ks LOW (See Nata SY ine an li 


TK HIGH (Gee Note 6 CS Re Td am Se 


MCLK»2/TCLKoa to Data Not Valid 


MCLK, to VSLD, HSLD (SSEL = HIGH) 


LK to HSDLD/VSDLD (SSEL HI) 


34 
pie. 


EXTDCLK HIGH Cycle 
Reset Pulse Width (High) 


Reset Low to EXTDCLK Setup 


: 1. Data includes CBLANK, FORE, REV, FS, DDp-DDg, TBO, TB1, BS, CLK;DR, CLKoDR, 


1 DW. 
2. First Pixel of character. Tp is pixel period as defined by oscillator frequency. ; 
3. Max undershoot on these outputs is guaranteed to be —0.3V. 

4. Tp is the dot clock period. 

5. Guaranteed to 100ns MCLK; cycle time. 

6; Guaranteed to 70ns MCLKop cycle time (even divide ratio only). 
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Am8152A/53A TIMING 
(PARAMETERS MEASURED WITH RESPECT TO EXTDCLK) 


ves/vesiswy 


poe ee 


“Rexam ek Gl SHE 


‘gape co gem | 


HSLO/VSLD 
(SSEL LO) 
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AC TIMING DIAGRAM—MCLK/MCLK2 


WF001760 
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 Am8152A/53A 


VSC CLK2 SYNCHRONIZATION (ONLY OCCURS IF SSEL IS HIGH) 


FIRST CLK, PER CLK» DIVA INPUTS 


— 
vemos LLL) moore 


WF001750 
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8284A/8284A-1 


Clock Generator and Driver for 8086, 8088 Processors 


L-Vv8cs/Vrscs 


DISTINCTIVE CHARACTERISTICS 


Generates the System Clock for the 8086, 8088 Proces- @ Generates system reset output from Schmitt trigger 
sors: 5MHz, 8MHz with 8284A; 10MHz with 8284A-1 input 

Uses a crystal or a TTL signal for frequency source @ Capable of clock synchronization with other 8284As 
Provides local READY and Multibus* READY synchroni- 

zation 


GENERAL DESCRIPTION 


The 8284A is a single chip clock generator/driver for the ‘trolled oscillator, a divide-by-three counter, complete MUL- 
8086, 8088 processors. The chip contains a crystal-con- TIBUS* "Ready" synchronization and reset logic. 


BLOCK DIAGRAM 


BD001440 


RELATED PRODUCTS 


| Part No. | Description 
Am8086_ | 16-Bit Microprocessor 
8288 | Bus Controller 


Multibus is a registered trademark of Intel Corp. 03359C 
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8284A/8284A-1 


CONNECTION DIAGRAM 


Top View 


Note: Pin 1 is marked for orientation 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). | 


8284 A 8B 


a Screening Option 
Blank-Standard processing 
B-Burn-in 

Speed 
5MHzZ 


8MHz 
10MHz 


CLOCK 5 Frequency 


Device Type 
Clock Generator and Driver 


Package 


D - 18-pin CERDIP (D-18-1) 
X - Dice 


Temperature Range 


C —- Commercial (0°C to +70°C) 
M- Military (-55°C to +125°C) 


11-84 


Valid Combinations 
8284A 


8284AB 


8284A-1 
8284A-1B 


8284AXM 
8284AXC 


Valid Combinations 
Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


© 
Nn 
© 
& 
> 
~ 
© 
ND 
© 
& 
? 
wea, 


3, 7 AEN}, Address Enable. The AEN signal is used to qualify the Bus Ready signal (RDY; or RDY2). AEN; validates RDY; while 

AEN> AEN» validates RDYo. It is possible for the processor to access two Multi-Master System Busses if you use both 
signals. Both signals are tied LOW in non Multi-Master Systems. 

RDY}4, Bus Ready. These signals are indications from a device located on the system bus that it is available or data has been 

_— received. RDY; and RDYo2 are qualified by AEN; and AENo respectively. 
Ready Synchronous Select. The ASYNC signal defines the synchronization mode of the READY logic. When ASYNC 
is pea (internal pull-up resistor is provided) or pulled HIGH, there is one stage of READY Synchronization. When 

ASYNC is LOW, there are two stages of READY Synchronization. 

ee Ready. READY is the synchronized RDY signal input. After the guaranteed hold time to the processor has been met, 
the READY signal is cleared. 

ae eal Xe Crystal In. These are the input pins for the attached crystal. The crystal frequency is 3 times the desired process clock 
frequency. 
Frequency/Crystal Select. When F/C is strapped HIGH, CLK is generated from the EFI input. When strapped LOW, 
the F/T allows the processor clock to be generated by the crystal. 
Oe os. Frequency. Used in conjunction with a HIGH signal on F/C, CLK is generated from the input frequency 
Oe oe on this pin. The input signal is a square wave 3 times the frequency of the desired CLK output. 
Processor Clock. CLK is the clock output used by the processor and all devices which directly connect to the 
processor's local bus (including bipolar support chips and other MOS devices). An output HIGH of 4.5V (Voc = 5V) is 
provided on this pin to drive MOS devices. The output frequency of CLK is 1/3 of the crystal on EFI input frequency 
and a 1/3 duty cycle. 

| Geamesc'ge Clock. This signal is a TTL level peripheral clock signal whose output frequency is 1/2 that of CLK and has 
a 50% duty cycle. 

Oscillator Output. This signal is the TTL level output of the internal oscillator circuitry. Its frequency is equal to that of 
the crystal. 
ace In. This signal is used to generate a RESET. The 8284A provides a Schmitt trigger input so that an RC 
fe rears can be used to establish the power-up reset of proper duration. 
—— RESET oe Reset. This signal is used to reset the 8086 family processors. 

CSYNC Clock Synchronization. This signal is designed to allow multiple 8284As to be synchronized to provide clocks that are 
in phase. CSYNC HIGH will reset the internal counters, when CSYNC goes LOW the counters will resume counting. 
CSYNC needs to be externally synchronized to EFI. When used with the internal oscillator, CSYNC should be hard 
wired to ground. 


CLOCK OUTPUTS 


The CLK output is a 33% duty cycle MOS clock driver 
designed to drive the 8086 or 8088 processors directly. PCLK 


DETAILED DESCRIPTION 
OSCILLATOR 


The oscillator circuit of the 8284A is designed primarily for use 
with a fundamental mode, series resonant crystal from which 
the operating frequency is derived. 


The crystal frequency should be selected at three times the 
required CPU clock. X; and X2 are the two crystal input crystal 
connections. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals can be 
derived from this stable, crystal-controlled source. 


Two 5102 series resistors are optional for systems which 
have a Vcc ramp time greater than (or equal to) 1V/ms and/or 
inherent board capacitance between X; or Xo exceeding 
10pF. This capacitance value should not include the 8284A's 
pin capacitance. By limiting the stray capacitance to less than 
10pF on Xj or Xa, the deviation from the desired fundamental 
frequency is minimized. 


CLOCK GENERATOR 


The clock generator consists of a synchronous divide-by-three 
counter with a special clear input that inhibits the counting. 
This clear input, (CSYNC), allows the output clock to be 
synchronized with an external event (such as another 8284A 
clock). It is necessary to synchronize the CSYNC input to the 
EFI clock external to the 8284A (see Figure 1). This is 
accomplished with two Schottky flip-flops. The counter output 
is a 33% duty cycle clock at one-third the input frequency. 


The F/C input is a strapping pin that selects either the EFI 
input or the crystal oscillator as the clock for the + 3 counter. If 
the EFI input is selected as the clock source, the oscillator 
section can be used independently for another clock source. 
Output is taken from OSC. 


is a TTL level peripheral clock signal whose output frequency 
is Yo that of CLK. PCLK has a 50% duty cycle. 


RESET LOGIC 


Reset logic for the 8284A is provided by a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the reset 
timing. 


The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset by 
utilizing this function of the 8284A. 


READY SYNCHRONIZATION 


Two READY inputs (RDY;, RDY2) are provided to accommo- 
date two Multi-Master system busses. Each input has a 
qualifier (AEN, and AENpo, respectively). The AEN signals 
validate their respective RDY signals. If a Multi-Master system 
is not being used the AEN pin should be tied LOW. 


To assure RDY setup and hold times are met, synchronization 
is required for all asynchronous active going edges of either 
RDY input. Inactive-going edges of RDY (in normally ready 
systems) do not require synchronization, but must satisfy RDY 
setup and hold as a matter of proper system design. 


The two modes of RDY synchronization operation are defined 
by the ASYNC input. 


When ASYNC is LOW, two stages of synchronization are 
provided for active RDY input signals. Positive-going asyn- 
chronous RDY inputs will first be synchronized to flip-flop one 
at the rising edge of CLK and then synchronized to flip-flop 
two at the next falling edge of CLK; after which time the 
READY output will go active (HIGH). Negative-going asynchro- 
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nous RDY inputs will be synchronized directly to flip-flop two at synchronized by flip-flop two on the falling edge of CLK before 


the falling edge of CLK, after which time the READY output will they are presented to the processor. This mode is available for 

go inactive. This mode of operation is intended for use by synchronous devices that can be guaranteed to meet the 

asynchronous, (normally not ready), devices in the system required RDY setup time. 

which cannot be guaranteed by design to meet the required 

RDY setup timing taiyvcL on each bus cycle. ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in the 


When ASYNC is high or left open, the first READY flip-flop is 


bypassed in the READY synchronization logic. RDY inputs are ayatere. 


Figure 1. CSYNC Synchronization 


(TO OTHER 8284As) 
DF000270 


CLOCK HIGH AND LOW TIME (USING Xj, X92) 


LOAD 


AF000630 


Ry = Re=5102. 


CLOCK HIGH AND LOW TIME (USING EFI) 
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READY TO CLOCK (USING Xj, Xo) 


L-VWv828/VPses 


Notes: 1. C, = 100pF 
2. CL = 30pF 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ...... gereveveReervees -65°C to + 150°C 
Ambient Temperature with Powers 
Applied | : 
GAOL, SAR8) coke cnesccivan sinburcem satan ys « 0°C to +70°C 
-55°C to +125°C 
-0.5V to +7.0V 
-1.0V to +5.5V 


Ail Output and Supply Voltages 
All Input Voltage 
Power Dissipation 


Stresses above those listed under ABSOLUTE MAXIMUM . 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


0°C to +70°C 
+4.75V to +5.25V 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Ve G emmer Sec 
ioc oss oe 
Vi adam ee 
vin eres peso 
oe 
Output HIGH Vottage CLK a ea a 
Mok —-- other Sate a 
RES input Hysteresis ee 
03359C 
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SWITCHING TESTING CIRCUIT SWITCHING TESTING WAVEFORM 
(CLK, READY) (input, output) 


SWITCHING TESTING CIRCUIT 
(CLK, READY) 


ee) 
ND 
© 
oo 
> 
S 
© 
ND 
© 
b 
3 
nosh 


2.4 
1.5 —-— TEST POWTS —= 1.5 
0.45 


WF001870 


Cy = 100pF for CLK C. = 100pF AC testing inputs are driven at 2.4V for 

C. = 30pF for READY a logic ''1'' and 0.45V for a logic ''O"’. 
Timing measurements are made at 1.5V 
for both a logic ''1"' and "'0". 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


TIMING REQUIREMENTS 


External Frequency HIGH Time 90% - 90%Vin Se ee Bere 


7 |MIL (Note 1) 
t EFI Period 
fa COM'L, A-1 


ss 
ae 
Se 
eae mae 
7 (a mutieiecbak |. | 
ae —f uagioge [| 
a ene i 
SoS G6) nce iy ae ee eee eee 
REN;, AEN Setup to ADY;, ADY2 So ee 
Pax Pepeemme an pr il 

ar Sees 

oe 

eae BES 


Input Rise Time From 0.8V to 2.0V 
input Fall Time From 2.0V to 0.8V 
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_ TIMING RESPONSES 


MIL, COM'L Cae 
a dea ‘Mm cowL Poaee Sey 
ee ee 
MIL, COM'L 
cee Hille [ML comt—sC*dYSCRS tea) 
MIL, COM'L 2/3 -15 
Be ae Pit, CoML ~S«d'~SCSCB RD 


CLK Rise or Fall Time 1.0V to 3.5V be: 


PCLK HIGH Time | Se ee 
POLK LOW Time So 
Ready Inactive to CLK (See Note 4) Pee ee 

MIL, COM'L 2/3 - 15 
Ready Active to CLK (See Note 3) (2/3 teLcu) 


ee on aoe ee 
CLK to POLK HIGH Delay ee 
CLK to POLK LOW Delay ee ee 

i F buen Site 


From 2.0V 0 O.8V 


1. 


5 = EFI rise (5ns max) + EFI fall (5ns max). 
2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to T3 and Ty states. 

4. Applies only to To states. 


SWITCHING WAVEFORMS 


CLOCKS AND RESET SIGNALS 


WF002530 


Note: All timing requirements are made at 1.5 volts, unless otherwise noted. 
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READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


'CLaix 


‘aiven 


tcrmix 


"ainw 


tRYHCH 


READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


faiaw tera 


tayncn 


"River 


'cLavx 


TAYLCL 


TAYLCL 
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WF002510 
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8286/8287 


8286/8287 


Octal Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


Data bus buffer/driver for 8086, 8088, 8080A, 8085A, 

and 8048 processors ; 

Fully parallel 8-bit transceivers: 8286 is noninverting 
8287 is inverting 

3-state inputs/outputs for interfacing with bus-oriented 

systems 


@ Available in 20-pin, 0.3” center molded DIP or ceramic 
package 
Advanced bipolar Schottky processing 
Bus port stays in hi-impedance state during power up/ 
down transition 


GENERAL DESCRIPTION 


The 8286 and 8287 are 8-bit 3-state bipolar Schottky 
transceivers. They provide bidirectional drive for bus- 
oriented microprocessor and digital communications sys- 
tems. Straight through bidirectional transceivers are fea- 
tured, with 16mA drive capability on the A ports and 32mA 
bus drive capability on the B ports. PNP inputs are 
incorporated to reduce input loading. 


BLOCK 


One input, Transmit/Receive determines the direction of 
logic signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing them 
in a 3-state condition. Chip Disable is functionally the same 
as an active LOW chip select. 


DIAGRAM 


8286* 


O5699A 
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CONNECTION DIAGRAM LOGIC SYMBOL 
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nd 
oO 
2] 
=~ 
oe 
RO 
Se 
| 


Ao Ai A2 Ag Aq Ag Ag A? 


8286 
8287 


Bo 8; B82 B83 BB 


A7 CD GND 
CD001500 


LS000520 


Note: Pin 1 is marked for orientation 
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DIE SIZE .069” x .089” 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


8286 | -- Valid Combinations 
8287 B 


Be Screening Option 8286 
Blank-Standard processing 
B-Burn-in 


, XC 
Device Type Pe 
Octal Bus Transceivers 
D - 20-pin CERDIP (D-20-1) xC 


P - 20-pin plastic DIP (P-20-1) PR Baer 


X — Dice 


Temperature Range 
C -— Commercial (0°C to + 70°C) Valid Combinations 
M- Military (-55°C to +125°C) Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


_ ne ee ter 


Ao z A7 \1/O | Aport inputs/outputs are receiver output drivers when T/R is Low and are transmit inputs when T/R 
is HIGH. 
a B port inputs/outputs are transmit output drivers when T/R is HIGH and receiver inputs when T/R is 
LOW. | 


Chip Disable forces all output drivers into 3-state when HIGH (same function as active LOW chip 
select, CS). 


Transmit/Receiver direction control determines whether A port or B port drivers are in 3-state. With 
T/R HIGH, A port is the input and B port is the output. With T/R LOW, A port is the output and B port 
is the input. 


pais [Gentine 
ee 
eo Oren 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature Commercial (C) Devices 
Supply Voltage : Temperature 0°C to +70°C 
Input Voltage Supply Voltage +4.75V to +5.25V 


Output Voltage : 1 
Lead Temperature (Soldering, 10 seconds) Vamenta -55°C to +125°C 


Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage +4.5V to +5.5V 
RATINGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function- 
at or above these limits is not implied. Exposure to absolute ality of the device is guaranteed. 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


input Clamp Volage eee ae CE ees ee 


tcc | Power Supply Curent fesse ff) : 
. li tae a ee 

ae eee 

Ai eS 


Forward Input Current Ve = 0.45V 


Reverse Input Current 


Output Low Voltage 
Output Low Voltage 
Output High Voltage 
aa Output Off Current 


gees 
@ Outputs oo 
A Outputs a ee 
B Outputs [oak 
A Outputs eat 
2 Outputs iga=-Gm 
7 Ea ee a Be cae 
= ae Baer 

or ae ee 

A Pon oc=80v (See rote) | 
Mi ane Carne a Por [Voc = 60V (See note) | 
[Voc =5.0V (See note 1) | 20 


F = 1MHz 
Cin Input Capacitance Veias = 2.5V, Voc = 5V 
Ta = 25°C 


OPERATING CHARACTERISTICS 


Output Delay versus Capacitance 


OP001240 OP001250 
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8286/8287 


| TELOV Output Enable Time hy ace Soa 


SWITCHING TEST CIRCUITS 


1.5¥ 
660 
f 
OuT 
T 300pF | 100pF 
3-STATE TO Voy 3-STATE TO Vy 
TC000610 i. TC000620 


2.14V (2.01V) 


B OUTPUT A OUTPUT B OUTPUT 


2.2BV (2.22V) 


Er S 'z 


3-STATE TO Voy 3-STATE TO Voy SWITCHING 
TCO000580 TCO00590 TCO00600 


B OUTPUT A OUTPUT | A OUTPUT 


Values in parenthesis reflect MIL temp. conditions. 


SWITCHING CHARACTERISTICS (See Note 2) 


. Test Conditions | Min Min 

Parameters Description (See Notes) (COM'L)| (MIL) 
= 
ae 


TEHTV Transmit/Receive Hold Time TENHOZ 


Transmit/Receive Setup 
TEHOZ Output Disable Time 


Le Input, Output Rise Time From 0.8 to 2.0V Cae 
From 2.0 to 0.8V eae 


ee: Input, Output Fall Time 
B outputs: lo, = 32mA, lon =-5mA, Cy = 300pF 


Notes: 1. COM'L temperature loading conditions A outputs: Io, = 16mA, Ion =-1mA, C. = 100pF 


MIL temperature loading conditions ; ous 2 ton sak ee 
2. Refer to waveforms and SWITCHING TEST CIRCUITS on 


following pages. 


at ce 
Se 2 

i 
Sc Se 
Re WORE 
[0750 |e 
ee 
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2.4V 


SWITCHING WAVEFORMS 


1.5V 
TiVOV TEHOZ TELOV 
So . - -- 
Vor + WV 
TEHTV TTVEL 


WF001910 


AC testing inputs are driven at 2.4V for a logic ''1'' and 0.45V for a logic ''0"; 
timing measurements are made at 1.5V for both a logic ''1"' and ''0." 
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8288 


8288 


Bus Controller 


DISTINCTIVE CHARACTERISTICS 


@ Bipolar drive capability ® Multi-master or I/O bus interface 
@ 3-state output drivers ® Flexible system configurations 


GENERAL DESCRIPTION 


The 8288 optimizes 8086 or 8088 operations by providing The 8288 is implemented in bipolar technology in a 20-pin 
command and control timing generation when the CPU is in DIP. 

maximum mode. It provides for highly flexible configura- 

tions for larger systems. It also adds powerful bipolar drive 

Capability to the system. 


BLOCK DIAGRAM 


BD001570 


03358B 
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CONNECTION DIAGRAM 
Top View 


8828 


Note: Pin 1 is marked for orientation 


ORDERING INFORMATION 
AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


8288 B Valid Combinations 
L__ Screening Option 8288 
Blank -— Standard Processing 8288B 
B — Burn-in 


Device Type 
Bus Controller 


Package 
D- 20-pin CERDIP (D-20-1) 
X= Dice Valid Combinations 
Consult the AMD sales office in your area to 
Temperature Range determine if a device is currently available in the 
C - Commercial (0°C to + 70°C) combination you wish. 
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PIN DESCRIPTION 


Description 


Status. These signals are the status input pins from the microprocessor. The 8288 decodes these inputs to generate 
command and control signals. 


Clock. Clock signal from the clock generator. 


Address Latch Enable. This signal strobes an address into the address latches. The latching occurs on the falling 
edge (HIGH to LOW) transition. 


i lll 
see Data Enable. This signal enables the data transceivers onto the data bus (local or system). 
2 eee Data Transmit/Receive. This signal determines the direction of data flow through the transceivers. 


Address Enable. This signal enables the 8288 command outputs at least 115ns after it becomes active LOW. When 
this pin goes inactive, it 3-states the command output drivers. 
CEN Command Enable. This signal, when LOW, enables all command outputs and the DEN and PDEN control outputs are 
forced to their inactive states. 
1 Input/Output Bus Mode. When strapped HIGH, the 8288 functions in the 1/O Bus mode. When LOW, the 8288 
functions in the System Bus mode. 


1/0 


Name 


: 
a 
A 


Advanced 1/0 Write Command. The AIOWC gives |/O devices early indication of a write instruction by issuing an 1/O 
Write Command earlier in the machine cycle. 


| 114 ~—~—«[fOWC-~—s|_-«O_| 1/0 Write. This signal tells an 1/O device to read the data on the data bus. 


| 13 ~—s«{TORC_~——|_:«O_| 170 Read. This signal tells an 1/O device to drive its data onto the data bus. 


Advanced Memory Write. The AMWC gives memory devices an early indication of a write instruction by issuing a 
memory write command earlier in the machine cycle. 


EO Memory Write. This signal instructs the memory to record the data present on the data bus. 
| 7 |MRDC | O | Memory Read. This signal instructs the memory to drive its data onto the data bus. 


ae ee Interrupt Acknowledge. This signal informs the interrupting device that its interrupt has been acknowledged and drives 
17 MCE/ 
PDEN 


the vectoring information onto the data bus. 
Master Cascade Enable/ Peripheral Data Enable. Dual Function pin: MCE (IOB LOW): This signal occurs during an 
DETAILED DESCRIPTION 
COMMAND AND CONTROL LOGIC 


interrupt sequence. Its function is to read a Cascade Address from a master Priority Interrupt Controller onto the data 
bus. PEN (1OB HIGH): This signal enables the data bus transceiver for the 1/O Bus during |/O instructions. It 
performs the same function for the 1/O Bus that DEN performs for the system bus. 


peripherals dedicated to one processor exist in a multiproces- 
sor based system. 


SYSTEM BUS MODE 


The 8288 is put into the System Bus mode by strapping the 
1OB pin LOW. This mode is used-when only one bus exists. No 
command is issued until 115ns after the AEN line is activated. 
Bus arbitration is assumed, and this logic will inform the bus 
controller via the AEN line when the bus is free for use. Both I/ 
O commands and memory wait for bus arbitration. 


COMMAND OUTPUTS 


To prevent the processor from entering unnecessary wait 
states, the advanced write commands initiate write procedures ~ 
early in the machine cycle. 


The command logic decodes the three CPU status lines (So, 
$;, Se) to determine what command is to be issued. 


This chart shows the meaning of each status "word." 


8288 
Processor State Command 


The command outputs are: 

MRDC - Memory Read Command 

MWTC - Memory Write Command 

TORC - 1/O Read Command 

JOWC - I/O Write Command 

AMWC - Advanced Memory Write Command 
AIOWC - Advanced |/O Write Command 
INTA -— Interrupt Acknowledge 


INTA (interrupt Acknowledge) acts as an I/O read during an 


ALLOA. Read Memory 
Pr [1 [0 [write Memory [WTC AMC | 
Patt [A [Passve —*(None 


I/O BUS MODE 


The 8288 is put into the |/O Bus mode by strapping the lIOB 
pin HIGH. This mode allows one 8288 Bus Controller to 
handle two external buses. This allows the CPU to access the 
1/O Bus with no waiting involved. In the |1/O Bus Mode, all |/O 
command lines (INTA, IORC, IOWC, AIOWC) are always 
enabled. When the processor initiates an |1/O Command, the 
8288 immediately activates the command lines using PDEN 
and DT/R to control the |/O bus transceiver. There is no 
arbitration present in this system, so the |/O command lines 
should not be used to control the system bus. Normal memory 
access requires a "Bus Ready" signal (AEN LOW) before it 
will proceed. The IOB mode is recommended if I/O or 


11-100 


interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should 
place vectoring information onto the data bus. 


CONTROL OUTPUTS 


The Data Enable (DEN), Data Transmit/Receive (DT/R) and 
Master Cascade Enable/Peripheral Data Enable (MCE/ 
PDEN) are the control outputs of the 8288. The DEN signal 
determines when the external bus should be enabled onto the 
local bus while the DT/R determines the direction of the data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 


03358B 
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The MCE/PDEN function is determined by the |OB selection. 
When IOB is HIGH the PDEN serves as a dedicated data 
enable signal for the I/O or Peripheral System Bus. 


INTERRUPT ACKNOWLEDGE AND MCE 


The MCE signal is used during an interrupt acknowledge cycle 
if the 8288 is in the System Bus mode (IOB Low). An interrupt 
sequence consists of two interrupt acknowledge cycles occur- 
ring back to back. No data or address transfers take place 
during the first cycle. Logic should be provided to mask off 
MCE during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Controller's 
(PIC) cascade address onto the processor's local bus where 
ALE (Address Latch Enable) strobes it into the address 
latches. On the leading edge of the second interrupt cycle the 
addressed slave PIC gates an interrupt vector onto the system 
data bus where it is read by the processor. 


11-101 


The MCE signal is not used if the system only contains one 
PIC. If this is the case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 


ADDRESS LATCH ENABLE AND HALT 


Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (So, Sj, 
So) into.a latch for halt state decoding. 


COMMAND ENABLE 


The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is HIGH the 8288 
functions normally. If the CEN pin is pulled LOW, all command 
lines are held in their inactive state (not 3-state). This feature 
can be used to implement memory partitioning and to elimi- 
nate address conflicts between system bus devices and 
resident bus devices. 
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8288 


ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
0°C to +70°C 


Storage Temperature 

Temperature (Ambient) Under Bias 
All Output and Supply Voltages -0.5V to +7.0V 
All Input Voltage -1.0V to +5.5V 
ei He a tg Bee AE lh i eeu pe MATIC CORE AB gli 1.5W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 
Temperature -55°C to +125°C 
Supply Voltage +4,5V to +5.5V 
Operating ranges define those limits over which the function- 


at or above these limits is not implied. Exposure to absolute ality of the device is guaranteed. 


maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions p Min | Max | Units 


XG |woecem vie ec ee eee 
es a ae es es 
ce, |Fowdvotouet Meena ee 
aes Cr ere es Ti es a ee 
rr es 

Control owe Sie Se ee = 16mA ee 
2 aa eR CTS 

Vou Command Outputs 

Control Col ie en en ee 
i | Wen Lew Nolape os et ___}—#*_} +4 
ee ee ae Se ee a ee 
= Nope | Tiren-State Lenkege > Np OA M0 6 2Ve 
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SWITCHING TEST CIRCUIT 


3-State to High Command Output Test Load Control Output Test Load 


TCO00800 


SWITCHING TEST INPUT, OUTPUT WAVEFORM 
Input/Output 


2.4 
1.5 —— TEST POWTS —— 1.5 
0.45 


WF001870 


AC Testing: Inputs are driven at 2.4V for a logic ''1'' and 0.45V for a logic ''0.'' The clock is driven at 4.3V 
and 0.25V. Timing measurements are made at 1.5V for both a logic ''1"' and ''0." 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Voc = 5.0V) 


Description Test Conditions | Min | Max | Units | 


Timing Requirements 


ee eee | 

eo er ener earn are aetna Samad FS Se 

a ie 8 A ee 

i (Senne ee 

ae eee LT 

i  Cesene 

oe ee Oe) ee 

te gies me 

a Cigale PO | | 

Timing Responses 
TCMCH ALE MCE Active Delay (from CLK) 

ance 

lon = -5mA 

C. = 800pF 

ana (eee 

C= 80pF pee Se 

P [Tout | ns 

ae ee OO ee ee 

eer | Outi Fall Tin Ie NO Oi a | 2 
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8288 


SWITCHING WAVEFORMS 


STATE ~—— "4 ty T2 T3 ' 
TCLCL 


a TCLCH 

CLK 

TCHSV 

: ge 
Je es 


\ 
ADOR WRITE 


MWTC, iOWC 

(READ) 

DEN * wiTA) 

So ro 

=~ (READ) 

POEN "wra) 

DEN (WRITE) 
~~} | fe ain 

POEN (WRITE) 

TCHOTH a 
= (READ) 


TCLMCH TCVNX 


Jl 
£' 
#| 


WF002110 


Notes: 1. Address/data bus is shown only for reference purposes. 
2. Leading edge of ALE and MCE is determined by the falling edge of CLK or status going active, 
whichever occurs last. 
3. All timing measurements are made at 1.5V unless specified otherwise. 
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SWITCHING ‘WAVEFORMS (Cont.) 
DEN, PDEN QUALIFICATION TIMING 


WF002040 


ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 


TAELCV 
1.5V 


1.5V 
se ot ae "E 
2 ie 


ee 
/ TCELRH 


D 


TCELRH 
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Note: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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MEMORIES, PROMs, BIPOLAR RAMs, MOS STATIC RAMs 
PALs, 20-PIN AND 24-PIN PALs 


MOS PERIPHERALS, MOS LSI PERIPHERALS 
VERY HIGH SPEED DATA ACQUISITION 


PALs, PROMs, 
MOS and Bipolar RAMs, 
MOS Peripherals, 


Analog and Data Acquisition 


Bipolar PROM Functional Index and Selection Guide ...............ececececeeeeeees 12-1 
Bipolar Memory RAM Functional Index and Selection Guide ...............cccscceseeseeeee 12-3 
MOS Memory Functional Index and Selection Guide .................cceces0000.-.. 12-5 
AMD 20-Pin PAL* Family _ 20-Pin IMOX™ Programmable Array Logic Element.............. 12-6 


MOS Microprocessor 


Family Selector Guide 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 
testing, guard banding, design and other practices common to the industry. 
For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


Bipolar 


Functional Index an 


PROM 


d Selection Guide 


COM'L/MIL | COM'L/MIL Number 

Part Number | Organization of Pins | Packages 
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ramen 0] tanec | <aeo. | wens | es; [tees] ORrLecdus 7 odes 
Parersia | eee | coms | wens | cose | ieee] DRrLs. qos | ceed 
Pamerecoes a] | esexac | aso || torso) | oo! | esc] DRRLo;qos | AereiSnl 
Pamayeaa «|| esexac |; opmo || Worteo| | esoG) | ene] DRFLéxtos | iekevied 
amersei es | esexas |, aeveo || worrgo, | free? | 16Aec| DRRLo<yos | Aetecind 
Pamereeia: oo] osexa || somo || torteo, |. cegai | 1@co| OPRLS<ges Tees 
Pamareie | siex4, | safeo | ippigo | | 0G | eT RRL. Pee tobe 
amaisiaa | -staxa. | 20u0._.| s90/90| oc [as peL fd 
Papeis | exd [cb | saommo ee. a | pr 
Pansik sexe | odo. | aus | ee a | ee 
Eamgisie. | ose | cone. | wees | se | ake | er 
Pass [ste | narmar [vores | os [om | orra [RRSP 
amarsar | stax | NANA? | te5/1e5 | 98 | 22 | OPL | Output registers 
ae a a a Me ee 
Sie ee Le ee eer 
Pamereos Stax, | ego | teoteo | OR, OPE 
Pamersen. | Stee, | aes | weet | es | | OP ed 
mee. sae, | Bao | prime | 0c, | sy ORE he 
Pamoreson |. Sige. | sas | west | 0c fe | Prt 
a en a ee ee eee 
ee a ed ee a ee ee 
igo. as | ere | ors | Oe te rk 
Pama7saza | taxa (| —a6/as—«| «stata, | Oc | 18 | OPFL 
amoraas ]  s02an4 | 0870 | —saornas | 98 | a8 Rf 
, 


Am27S35 


Am27S35A 


10288 | NAZNA? 
1024 x8 N.A.4/N.A.4 185 
1024 x8 N.A.2/N.A.? 


D,P,F,L 


aon REx 
ref [on 
csreccs 


ame7S37A to28x8 | NAMINAS ea DPF L 
Am27S180 1024x8 60/80 f6/196.—|— Gc. } -_24_| ... LF 1. 
Am27S180A 1024 x8 35/50 405/366] 00} a4 | BEL 
Ama7$181 10248 re5105 | 38 | | COP FL 
Ama7S1B1A 35/50 | sesies | as | 4 | OPA 
Ama7PS 161 10248 vase | 38 | ae | OPAL 
Am27PS181A 1024x8 65/75 aT ee ae ee ee ee ee 
Am27S280 1024 x8 60/80 TBB/ IES fn) OG asi fries erst ceeds 
Am27S280A 1024x8 35/50 185/185 idee oe D,P.F,L 
Am27S261 60/80 ves/105 [3s | a PF 
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Output registers, 
asynchronous initialize, 
THINDIP Pkg? 


Ultra fast, output 
registers, asynchronous 
initialize, THINDIP Pkg® 


Output registers 
synchronous initialize, 
THINDIP Pkg? 


Ultra fast, output 
registers, synchronous 
initialize, THINDIP Pkg® 


Ultra. fast 


Ultra fast 

Power switched 
Power switched ; 
THINDIP Pkg® 

Ultra fast, THINDIP 


Be 
a. 


THINDIP Pkg? 


WOud Jejodig 


Access Time loc 
COM'L/MIL | COM'L/MIL Number 
Max Max of Pins Packages Comments 


Ce ee ee Ultra fast, THINDIP Pkg? 


: 5 Power switched, 
Ultra fast, power 
Am27PS281A 1024x8 65/75 185/80° D,P,F,L switched, 
THINDIP Pkg? 


Bipolar PROM 
> 
3 
ie) 
~ 
” 
NM 
® 
ss) 
> 
x< 
@ 
w@ 
ao 
~™ 
ra 


Ama7S164 a AT 

ame7sieaa | 2048x4 | s5as_| _607t60_ | oc | 18 | DPFL | uWatet 
Ama75185 cores) [ame || aes (ae) OMe Te 
Ame7S1@5A | 2048 x4 5 | torso | <8 | a8 | DPRL | Uwe eet 
ama7isiea | 2048.x4 o/s: | tories | oc | a8 | DARL” | Low power 
ame7isies | _2048x4 eores__| _vaories [98 | 18 | DRL | Low power 
Ama7Psi65 | 20484 ees | _ssore® | as | 18 | DRL | Power ewichod 1 
Am275190 2048 x8 eee: | sees [0c | ae | Omni | aoe 
Aama7S1@0A | 2048 25/60 | _vesnes | oc | | DPFL | UWatet 
Ama7S1 pores’ [tapes | [oe | aac |) Ome To eee 
Ama7S1O1A a5/s0__|_wesries| as _| ae | OPFL | Uwatet 
Ama7PS191 e/75__| _ve5/e" | 98 *| ia 


Pd 
@ 


5 
< 
@ 


Ame7S260 2048 x8 sores | 1057105 | 0c | 2 | DPFL | THINDIP ge 
ama7S200 | _2048%8 95/60 | 105/165 | 0G | 2 | DP FL | Uva fast THNOP Pkg? | 
Ama7S201 2048x8 sores | _teses| 38 | 24 | DPFL | THNDIP Pag? 
Ama7S201A | 20488 95/50 | 1057165 | 98 | 28 | DP Ft | Uta fast THNOP Pra | 


Ultra fast, power 
Am27PS291A 50/65 185/80° D,P,F,L switched 
THINDIP Pkg? 
50/65 TE Rae RS a A Sa I 
36/50 (i eS Se 
50/65 ser. ae ee 
36/60 e670 fe 


Am27S40 
Am27S40A 
Am27S41 
Am27S41A 


Ht 


4 
oo 


i 


sislis 


Am27PS4i 50/65 ores’ [3s | 20 | DPL | Power switched 
am27843 Tr ae a a a RY a 
Am27S43A 4096 x8 et es ee a eee 
Am27PS43 40968 DPF 
Am27S45 2048 x 8 


Ultra fast, output regis- 
ters, 

asynchronous initialize, 
THINDIP Pkg® 


Output registers, 
185/185 D,P,L synchronous initialize, 
THINDIP Pkg® 


Ultra fast, output regis- 
ters, 

synchronous initialize, 
THINDIP Pkg? 


Output registers, 
185/185 D,P,L asynchronous initialize, 
THINDIP Pkg? 
ke 


Am27S45A 2048 


Am27S47 


rs) 
& 
bd x 
ies] @ 
ft 
fe] 
an 
~ 
=k 
© 
4) 
ae 


Am27S47A 


ae 
@ 
a 
~ 
Ss 
re) 
a 
2) 
0 
~ 


Am27S06- 2. }' 1024x4 | 


Am27S65A 


Ama7875 


Am27S75A (2048 x 4 


ame7ses | _a006x4 | NA+ 168/188 


N.A. 185/185 


Am27S85A 
Am27S49 8192x8 55/65 190/190 
Am27S49A 8192x8 40/55 190/190 


Replaces Am27LS08/09 
2. Contains built-in pipeline registers: nominal address to clock setup time = 35ns (typ), clock to output = 20ns (typ). 
. 300-mil lateral pin spacing. 
. Contains built-in pipeline registers: nominal address to clock setup time = 25ns (typ), clock to output = 15ns (typ). 


- loc are power up and power down current limits respectively. 
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Bipolar Memory RAM 


Functional Index and Selection Guide 


BIPOLAR ECL RAM 


Part Number | Organization 


Pamoncea [ant [em | totes | te | tee Ope et 
Famiosisa | | toaewa | eames | ~teor-t00 | amr | tone] DPFA || Ascauted 
Pane) sons. | seo | ort | me el PR Te 
Pampnsek | aaa tage | toe | toe tee PR eg 
Saemne | ea ee | peo | oe te, OPE a 
aOR | amet] ieee | seeer=eee | ante OP fe ee 
aman | aces [eae | Senee Re 
Se a La 
 anioagea Oo aed ee ame oe er 
iin me | ee ee oe eo OE re 
eo | me [ee ee oe a Pe ee 
Saar | oes | ise | epee te ee re 
oe eae a (ee 
mara Pea ae ee oe i ES 
met a wee ee | ee | Om ee Re 
ee ee ee 
an ee ae, ee ee 
ae eee ae ee 
eee ae ee ee 


Note: 1. For Flat Package, Consult Factory. 
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WY Asowey Jejodig 


Bipolar Memory RAM 


BIPOLAR TTL RAM : 


COM'L/MIL | COM'L/MIL Number | Packages 
Organization Max Max of Pins (Note 1) Comments 
POO hn 
: ee ee 


Part Number 
Am27S02A 
Am27S03A 
Am27S02 
Am27S03 
Am27LS02 
Am27LS03 
Am74/54S289 
Am74/54S189 
Am27S06A 
Am27S07A 


oe F 

a | oe | mee 

P3660 | 10805 | 0c | 16 | PF 

see | teens | es | me ee 

SSE Tea 7 I "RINNE MT TTC 

a a ee ME Gee 

[laeeoron || 108raes pucweds |senes] Dre [7 

Pay owed > |p aaenas | oes | “al | RORResng | wom nes 7 7 
Eoc, | er | ORR 
pales. - | aes: |] DBR 


25/30 100/105 D,P,F,L 
25/30 100/105 D,P,F,L 


Noninverting Outputs 
35/50 wos | oc | 16 | ppri 
Am27S07 35/50 100/105 
Am27LS06 55/65 35/38 
shinai ee ee ae ee ae 


Am27S06 


ee eee ee ee 
eco ei es 2 SA 
se ORE _| Lee Power veut 
Pamsora «| texa | 8780 a A AT GRO SE a Se ae 
Pamsiort | tex4_ | _ 98/80 ae a Ts a 
Pamsior | ‘t6x4__| 0/60 foros [oc | 16 | DPFL | Transparent? 
AMSILOTA | __16x4 | 5/65 80. | ee 
Am31L01 eee y Pees 80/90 EBS ee” ROME RRS | ee Re: Write Transparent? 
am7a/saeea | __ 16x | 98/60 oof Oe | ee 
Am74/5489_ 50/60 100/105 [| oc | 16 | DPFL | Write Transparent’ 
Am27LSO0A 35/45 SL USE Sc eae ae | ee ke 
Ultra Fast 
fe ee eae 


eee 
im Se ea 
amarisot | 266xt_| 46/68 | 7070] 


Am27LS01A or Lees 35/45 115/115 
pee Wee D.P.FL 


45/55 70/70, 


[256x1 | 
[Ama7soo-1 | 256x1 _| 48/5 | 70/70 Noninvertng Output 
amerisort | _286x1 | 46/86 | 70770 | 
[Amesaaa | _1024x1 | 040 | 155/170] 
Tameaais | _1020x1 | ass | 1557170 | 00 | 16 
Fameaaas | to2ex1 | _asves___| _ss5i70_| as | 18] 
Tamesaiza | _as6xa | _asas__| _sssri70_| 0c | =| oPFA 
2 eT 
a a a sie e 
a Te a seers 
Tameaiat2a | _256xa _| 46/65 | _e0o0 | oc | = 

[256x4 | al lane ees 

ae oe | ee 

[256x4 a 

P1024 PE ee 


Am27LS01-1A 35/45 18/115? | OC 2] 1G, a PL 
[OC oe ee 
ee eee 


ee 
OR 


Am93422 
D,P,F,L 
Low Power 


45/55 85/75 a 
Notes: 1. D = Hermetic DIP,P = Molded DIP,F = Cerpak,L = Chip-Pak™ 


2. Complement of data in is available on the outputs in the write mode when both GS and WE are low. 
3. Cerpak (F) is 24 pin. 


Am93L425A 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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MOS Memory 


Functional Index and Selection Guide 


Asowaw SOW 


1K STATIC RAMS 
Part Access Power Dissipation(mW) Supply Temp 
Number | °'sanization| Time(ns) | standby Active Voltage (V)| Range | Package 

Am9122-25 C 
Am9122-35 C.M > 
Am91L22-35 C 
Am91L22-45 CM 
Am9122-60 C 


4K STATIC RAMS 


Part Power Dissipation(mW) Supply 

Number | °"98nization| Time(ns) |" Standby | Active _ Voltage (V) Package 
18 
18 


Am2147-35 4096 x 1 990 
Am2147-45 4096 x 1 
Am2147-55 4096 x 1 
Am2147-70 4096 x 1 
Am21L47-45 4096 x 1 
Am21L47-55 4096 x 1 
Am2148-55 1024 x 4 
Am2148-35 1024 x 4 
Am2148-45 1024 x 4 
Am2148-70 1024 x 4 
Am2149-35 1024 x 4 
Am21L48-45 1024 x 4 
Am2149-45 1024 x 4 
Am21L49-45 1024 x 4 
Am21L48-55 1024 x 4 
Am21L49-55 1024 x 4 
Am21L48-70 1024 x 4 
Am21L49-70 1024 x 4 
Am9150-25 1024 x 4 
Am9150-35 1024 x 4 
Am9150-45 1024 x 4 


Oo 


O00 
Tr OSFFr 


959909 
as ey, peat reel se 


0 


00000 
te See 


Qo 9 LL olf on fL 
NNNANNZONSSOSOONSSE 


O00 


16K STATIC RAMS _ | 


Power Dissipation(mW) 
Part Organization| Access 


Number Time(ns) | standby | Active Package 
Am9128-10 2048 x 8 660 
Am9128-70 2048 x 8 

Am9128-90 2048 x8 

Am2167-35 16384 x 1 

Am2167-45 16384 x 1 

Am2167-55 16384 x 1 

Am2167-70 16384 x 1 

Am2168-45 4096 x 4 

Am2168-55 4096 x 4 

Am2168-70 4096 x 4 

Am2169-45 4096 x 4 

Am2169-55 4096 x 4 

Am2169-70 4096 x 4 


-_-. . ho 


vUDDDDNDDOO._ OO 
vuVvVUvUuVVVVVV ao oe 
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AMD 20-Pin PAL* Family 


(8) Dedicated 
AmPAL16R8 (8) Feedback 

(8) Dedicated 
AmPAL16R6 (6) Feedback 

(2) Bidirectional 

(8) Dedicated 
AmPAL16R4 (4) Feedback 

(4) Bidirectional 

(10) Dedicated 
AmPAL16L8 (6) Bidirectional 


AMD 20-Pin PAL* Family 


20-Pin IMOX™ Programmable Array Logic Elements 


@ Fast 
- High speed "A" versions 
(tpg = 25ns, ts = 20ns, tego = 15ns, max) 
- Standard speed versions 
(tpg = 35ns, ts = 30ns, teo = 25ns, max) 
@ Flexible 
~- User programmability allows customized designs 
- Eases design updates in prototype or product 


AMD PALs are high speed electrically programmable array 
logic elements. They utilize the familiar sum-of-products 
(AND-OR) structure allowing users to program custom logic 
functions to fit most applications precisely. 


Initially the AND gates are connected, via fuses, to both the 
true and complement of every input. By selective program- 
ming of fuses the AND gates may be "connected" to only 
the true input (by blowing the complement fuse), to only the 
complement input (by blowing the true fuse), or to neither 
type of input (by blowing both fuses) establishing a logical 
‘don't care.'' When both the true and complement fuses 


AMD PAL FAMILY CHARACTERISTICS 


All members of the AMD PAL family have common electri- 
cal characteristics and programming procedures. All parts 
in this family are produced with a fusible link at each input 
to the AND gate array. Connections may be selectively 
removed by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide Fuse technology. Utilizing 
an easily implemented programming algorithm, these prod- 
ucts can be rapidly programmed to any customized pattern. 
Extra test words are pre-programmed during manufacturing 
to insure extremely high field programming yields ( > 98%), 
and provide extra test paths to achieve excellent paramet- 
ric correlation. 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


@ Low Cost 
- Reduces board space/chip count 
- Reduces design time 
— Reduces inventory cost 
@ Reliable 
- Proven Platinum-Silicide fuse technology 
- Fully AC and DC tested 
- Preload of output registers allows full logical testing 


are left intact a logical false results on the output of the 
AND gate. An AND gate with all fuses blown will assume 
the logical true state. The outputs of the AND gates are 
connected to fixed OR gates. The only limitations imposed 
are the number of inputs to the AND gates (up to 16) and 
the number of AND gates per OR (up to 8). 


The part types in the AMD PAL family are differentiated by 
the allocation of registered (with internal feedback) and 
combinatorial (bi-directional and dedicated) outputs. All 
combinatorial AMD PALs are available in both active HIGH 
(AND-OR) and active LOW (AND-OR-INVERT) versions. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable, long term reliabili- 
ty. Extensive operating testing has proven that this low- 
field, large-gap technology offers the best reliability for 
fusible link programmable logic. 


The AMD PAL family is manufactured using Advanced 
Micro Devices' selective oxidation process, IMOX. This 
advanced process permits an increase in density and a 
decrease in internal capacitance resulting in the fastest 
possible programmable logic devices. 


The AMD PAL family also incorporates the unique capabili- 
ty of preloading the output registers during testing to any 
desired value. Preload is invaluable when testing the logical 
functionality of a programmed AMD PAL. 


AMD PAL FAMILY TABLE 


*PAL is a registered trademark of Monolithic Memories, Inc. 
IMOX is a trademark of Advanced Micro Devices, Inc. 


(8) 8-Wide AND-OR Registered Inverting 
(6) 8-Wide AND-OR Registered inverting 
Registered inverting 
Bidirectional 


@ oeocwes [28] 28]- |=] =| [me 


Dedica 


(2) 7-Wide AND-OR-INVERT 

(4) 8-Wide AND-OR 

(4) 7-Wide AND-OR-INVERT 

(8) 7-Wide-AND-OR-INVERT 
AmPAL16H8 a Braeate? i _|(8) 7-Wide AND-OR Programmable 
AmPAL16LD8 Pg Scat (8) 8-Wide AND-OR-INVERT 


(10) Dedicated : 
esheets (6) Bidirectional_| ©) & Wide AND-OR Seo 
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ce [ame | ae | | 
Part Array ) | (MAX) | (MAX) 
Number Inputs Logic STDA|STDA|STDA 


(2) Dedicated 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to +150°C 
-55°C to +125°C 


Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 
(Pin 20 to Pin 10) Continuous 

DC Voltage Applied to Outputs (Except 


-0.5V to +7.0V 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
Supply Voltage 


Military (M) Devices 


Temperature -55°C to +125°C 

Supply Voltage +4.5V to +5.5V 
Operating ranges define those limits over which the function- 
ality of the device is guaranteed. 


During Programming) -0.5V to +Vcoc max 
DC Voltage Applied to Outputs 
During Programming 
Output Current Into Outputs During 
Programming (Max Duration of 1 sec) 
DC Input Voltage 
DC Input Current 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


> 
= 
> 
NO 
- 
y 
a | 
a) 
> 
CZ 

* 
"Tl 
w 
3. 
< 


DC CHARACTERISTICS over operating range unless otherwise specified 


feat — ea aaa Min not | Max | une 
lon =-3.2mA | COM'L 
Voc = MIN, |lon=-3.2mA | COM'L 
Yow Output HIGH Voltage Vere Vin OF Vic . Volts 


ea ere 
lo. = 24mA COM'L 
Voc = MIN, 
“ais eae Vin = Vi oF Vit pf | es | vem 
Guaranteed input logical HIGH 


VOH 

You MIL 

ViH 

ViL Guaranteed input logical LOW 

(Note 2) Input LOW Level voltage for all inputs 

Input LOW Current Voc = MAX, Vin = 0.40V 

Input HIGH Current Voc = MAX, Vin = 2.7V 
input HIGH Current Voc = MAX, Vin = 5.5V 


| Igo __| Output Short Circuit Current | Voc = MAX, Vout = 0.5V (Note 3) | =30°— | 
16L8, 16H8, 16HD8, 16LD8 
AGLBA, 16H8A, 16HD8A, 16LD8A 
Power Supply Current 16R8, 16R6, 16R4 
16R8A, 16R6A, 16R4A 
| Vi | Input Clamp Voltage Voc = MIN, lin =-18mA bY urecad 


All inputs = GND, Voc = MAX 


Voc = MAX, Vii = 0.8V 
Vin = 2.0V 


Output Leakage Current 


Vi 
Note 4 
ey4e ) 
Input Capacitance Vin = 2.0V @f = 1MHz (Note 5) 
Output Capacitance Vout = 2.0V @f = 1MHz (Note 5) 
Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 


1 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
4 

5 


Vout = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
. 1/0 pin leakage is the worst case of lozx or |x (where X=H or L). 
. These parameters are not 100% tested, but are periodically sampled. 
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AMD 20-Pin PAL* Family 


AC TEST LOAD 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
HIGH SPEED 


7 Test 
Description Conditions | (Note 1) 


Input or Feedback to Non-Registered Output 
16L8A, 16R6A, 16R4A, 16LD8A, 16H8A, 16HD8A 


MILITARY 


< 
3 


tEA Input to Output Enable 16L8A, 16R6A, 16R4A, 16H8A 
| tek _—_|_Input to Output Disable 16L8A, 16R6A, 16R4A, 16HBA 


Pin 11 to Output Enable 16R8A, 16R6A, 16R4A 
Pin 11 to Output Disable 16R8A, 16R6A, 16R4A 
Clock to Output 16R8A, 16R6A, 16R4A 


2 
a 


[ig input or Foodbek Solus Tine T6RBA, TEREA TERA 
Tin] Hoi To 16, Tena, Ter 
a eae 
a a 
Maximum Frequency 


. Typical limits are at Vcc = 5.0V and Ta = 25°C. 
2. tpp is tested with switch S; closed and C, = 50pF. 
3. For three-state outputs, output enable times are tested with C, = 50pF to the 1.5V level; S; is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with C_ = 5pF. HIGH to high impedance tests are made to an output 
voltage of VoH-0.5V with S; open; LOW to high impedance tests are made to the Vo, + 0.5V level with S; closed. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
STANDARD SPEED 


Test 
Conditions 


| ter _—_|_ Input to Output Disable 1618, 16R6, 16R4, 16H8 COM'L 
; Ry = 200 
tpzx Pin 11 to Output Enable 16R8, 16R6, 16R4 Re = 390 


| ts | Input or Feedback Setup Time 16R8, 16R6, 16R4 ieee oe ed 

| ty —_—|_- Hold Time 16R8, 16R6, 16R4 Rem B00 ta 
Ro = 750 

ip) Sees Clock Period eae 

Gok Wath were: 

Lfwax____|_Maximum Frequency | ees 


. Typical limits are at Voc = 5.0V and Ta = 25°C. 
2. tpp is tested with switch S; closed and C, = 50pF. 
. For three-state outputs, output enable times are tested with C, = 50pF to the 1.5V level; S; is open for high impedance to HIGH tests and 


closed for high impedance to LOW tests. Output disable times are tested with C_ = 5pF. HIGH to high impedance tests are made to an output 
voltage of VoH-9.5V with S1 open; LOW to high impedance tests are made to the Vo, + 0.5V level with S; closed. 
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SWITCHING WAVEFORMS 


INPUTS, 1/0, VA) CAAAAAAAAAAAAAAAD 
REGISTERED \WW peek) RY XXAXXYA 
FEEDBACK /}XXX) OOOO 
ts 
cP 
rey 
tco 
REGISTERED VX VV 
a PY aaeee7 


tpp 


COMBINATORIAL 
OUTPUTS: 


KEY TO SWITCHING WAVEFORM 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 
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v2 Soa aw ate nagar geeee 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


WF002570 
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AMD 20-Pin PAL* Family 


PRODUCT TERMS (0-63) 


nn 


vA 


NO@wewn. Oo 


a 


ie 


BLOCK DIAGRAM AmPAL16R8/AmPAL16R8A 


INPUTS (0-31) 


O-%: 28 4$67 890M 12131415 16171819 20 21 2223 24 28 26 27 26 29% 31 
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AMD 20-Pin PAL* Family 
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checks that the correct array fuses have been blown and can . 
be sensed by the outputs. 


PROGRAMMING 


Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11) and a 
programming voltage pulse applied to the output under 
programming. Addressing of the 2048 element fuse array is 


AMD PALs have been designed with many internal test 
features that are used to assure high programming yield and 
correct logical operation for a correctly programmed part. 


accomplished with normal TTL levels on eight input pins (five An additional fuse is provided on each AMD PAL circuit to 
select the input line number and three select the product term prevent unauthorized copying of AMD PAL fuse patterns when 
number). Vcc is maintained at a normal level throughout the design security is desired. Blowing the security fuse blocks 
programming and verify cycle - no extra high levels are entry to the fuse pattern verify mode. 

required. 


To blow the security fuse: 

1. Power up part to Vccp 

2. Raise Pin 5 to VHH. 

3. Pulse Pin 11 from ground to Vop for a 50usec 
duration. 

4. Perform a normal end-of-programming verify cycle at 
Voct and Vccu. All fuse locations should be sensed 

; as blown if the security fuse has been successfully 

The 16L8, 16R8, 16R6, 16R4, 16H8, 16LD8 and 16HD8 use blown. 

identical programming conditions and sequences. 


The necessary sequence of levels for programming any fuse is 
shown in the Programming Timing Diagram. The address of 
each fuse in terms of Input Line Number and Product Term 
Line Number is defined by the Fuse Address Tables 1 and 2. 
Current, voltage and timing requirements for each pin are 
specified in the Programming Parameter Table below. 


Note that parts with the security fuse blown may not be 


After all programming has been completed, the entire array ralurned: as. preureranning- tiers: 


should be reverified at Voc. and again at Vocu. Reverification AMD PALs normally have high programming yields ( > 98%). 
can be accomplished by reading all eight outputs in parallel Programming yield losses are frequently due to poor socket 
rather than one at a time. The array fuse verification cycle contact, equipment out of calibration or improperly used. 


PROGRAMMING PARAMETERS Ta = 25°C 


Parameters Description 


i ‘ Pin 1 @ 10-40mA 
~ ViH Control Pin Extra High Level : 
Pin 11 @ 10-40mA 
Program Voltage Pins 12-19 @ 15-200mA 
VCCL 


| 
Coo. | Veo: During First Pass Verification @ log=50-200mA___———d| 


16L8, 16R8, 16R6, 16R4, 16LD8 
y Successful Blown Fuse 16L8A, 16R8A, 16R6A, 16R4A, 16LD8A 
BI 
ie pean Lae © Output 16H8, 16HD8, 16H8A, 16HD6A 
dVop/dt Rate of Output Voltage Change ; 


dV44/dt Rate of Fusing Enable Voltage Change (Pin 11 Rising Edge) 
eo Fusing Time First Attempt 


2.4 
5.4 


rresg ulover 7 |e | vom 


i 
Voop=05 
Git See Pull-Up Resistor On Outputs Not Being Programmed fee Bake Ben ees ee 


AMD PAL PROGRAMMING EQUIPMENT INFORMATION 


Source and | Data |/O Kontron Electronics, Inc. Stag Microsystems 
Location 10525 Willows Rd. N.E. 630 Price Avenue 528-5 Weddel Drive 
Redmond, WA 98052 Redwood City, Sunnyvale, 
CA 94063 CA 94086 


Programmer Model-100, 29, __ | Model-MPP-80S Model-PPX 
Model(s) 19 or 17 or EPP80 


AMD PAL Logicpak PPM2200 
Personality 950-1942-001 

Module 

Socket 715-1947-003 SA37 Am202S 
Adapter 
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AMD 20-Pin PAL* Family 


PROGRAMMING WAVEFORMS 


PROGRAMMED 
OUTPUT 


PROGRAMMING 


PF001100 


TABLE 1. INPUT ADDRESSING SIMPLIFIED PROGRAMMING DIAGRAM 


Input Line Number 
Address Pin States Vecp 


CSCOn oO nh WN = © 


PF000380 
TABLE 2. PRODUCT TERM ADDRESSING 


Product Term 
Select 
Address Pin 
Product Term Line Number 4 3 


ee ae 
Lest eke 


L 
L 
L 
i 
H 
H 
H 
H 


pe ate, cle ae ee tar OTe ee oe Oe eo oe eae eee roe ie 
Seiwa hee SON abe dd ebneke F t e oe eer ee o ee ee ae 
ee Pee ee erie Te eee ees eee 
ee Eo ade A ee ko Se cee te take rc ee ek ee Pa Oe eo ke den ee ere eae 


Ao le ie ike De Oa bt See ake Oe a ee PO ee te eee eee ee eR 


7 15 | 23 | 31 | 39 | 47 | 55 | 63 
Pin Pin Pin 
19 17 15 


Programming Access and Verify Pin 
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PRELOAD OF REGISTERED OUTPUTS 


AMD PAL registered outputs are designed with extra circuitry 
to allow loading each register asynchronously to either a HIGH 


or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 


The pin levels and timing necessary to perform the PRELOAD 
function are detailed below: 


Vip 


View 


Vou 
Vou 
PF001160 


Output state at the 
output pin after cycle 


Level forced on registered 
output pin during preload cycle 
VHH 


LOW 


OV to VocH or OPEN 


ORDERING INFORMATION 


AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 


Device number, speed option (if applicable), package type, 


AmPAL XXXXX X 


Basic Device 


16R8 
16R6 
16R4 
16L8 
16H8 
16LD8 
16HD8 


*Chip-Paks are rated a maxium case temperature only. 


Chip-pak is a trade mark of Advanced Micro Devices, Inc. 


operating range and screening option (if desired). 
X xX X 


a Screening 
C = 883C Basic Flow 
B = 883B (Burn-in) 
Temperature Range 
C = Commercial 
M = Military 


Package 
P =Molded DIP (Commercial 
Only) 
D =Hermetic DIP 
L =Chip-Pak™ 


Speed Selection 


Standard 
A High Speed 
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MOS Microprocessor 


MOS Microprocessor 


Family Selector Guide 


ae eS eer 8085A 8085A-2 8080A Z8001/2} | Z8001/2-A 
| 320ns_ | 200ns | 480ns 
Seoth | Ont | Ont. | bees ee? 


Arithmetic 8087 9511A-1 9511A-4 9511A 9511A-4 
Processing Unit 9512-1 9512-1 9512 9512-1 
Interrupt 9519A 9519A-4 9519A 9519A-1 
Controller 8259A-5 8259A 8259A-5 8259A 
DMA 8089 9517A-4 9517A-5 9517A 8016 
Canteniics 9516A 9517A-4 
9517A-5 
Dynamic Memory 2964B 2964B 2964B 2964B 2964B 
Controller 2968 2968 2968 2968 2968 
8251A 8251A 8251A 8251A 
Serial 1/O 8530A 8530 8530A 8030 
8030A 
8255A-5 8255A-5 8255A-5 8255A en 
9513 9513 9513 
seeing 8036A 8253-5 8253 
8073 8073 8073 


8127 


9511A-4 
9512-1 


9519A-1 


8016A 


2964B 
2968 


8030A 


FIFO 1/O 8038 8038 8038 8038 8038 
Data Ciphering 
Processor- 
Error Detection 
and Correction 
Burst Error 
eae 80: 8065 8065 8065 8065 
9520 9520 9520 9520 
8275 8275 8275 8275 
pee SS eee 


@ 
D 
fee) 
fe] 
D 
fe «) 
o 
So 
fe)) 
@ 
Oo 
aD 
[o's] 


8068 
65 


1/O Processor 8089 
RAM 1|/O 


Memory N 
Management Unit 
Bus-Control/ 


29841-6 29841-6 29841-6 29841-6 29841-6 
29827/28 2958/9 2958/9 2958/9 2958/9 


N/A N/A 


29841-6 
2958/9 


29861-4 


Bus 
29861-4 29861-4 29861-4 29861-4 29861-4 


EDC Buffers 2961/2 2961/2 2961/2 2961/2 2961/2 
RAM Drivers 2965/6 2965/6 2965/6 2965/6 2965/6 . 


2961/2 
2965/6 


+Z8000 is a trademark of Zilog, Inc. 
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Microprocessor Components 


Part Number Description 


Ba SINGLE-CHIP MICROCOMPUTERS 
8-Bit Microcomputer 


8-Bit Microcomputer with On-Board ROM 


JOSS39N0/d0 0191 SOW 


PERIPHERALS 


ADVANCED SYSTEM COMPONENTS 


Am9521 32-, 35-Bit Burst Error Processor 


DISPLAY PRODUCTS 

iAPX86 FAMILY SYSTEM COMPONENTS 

e250 
Z8001/2 FAMILY SYSTEM COMPONENTS 


| 28031 Asynchronous Serial Communications Controller 


28036 Counter I/O 
28038 FIFO |/O Interface 
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MOS Microprocessor 


Part Number Description 


| 


AmZ8065 
AmZ8068 
AmZ8073 
28121 
28127 


Burst Error Processor 

Data Ciphering Processor 

System Timing Controller 

Octal Comparator 

Clock Generator & Controller 

28163 Refresh & EDC Controller (16MHz) 

Z8167 Refresh & EDC Controller (22 MHz) 

NETWORKING FAMILY 

Am7990 Local Area Network Controller for Ethernet (LANCE) 
Am7991 Serial Interface Adaptor (SIA) 


28001 

28002 
8080A/9080A 
8086 


16-Bit CPU 
16-Bit CPU 
8-Bit CPU 
16-Bit CPU 
8088 8-Bit CPU 
8085A 8-Bit CPU 
Z8001/2 Family System Components 
8010 
8016 
8030 
8036 
8038 


Memory Management Unit 

Data Transfer Controller 

Serial Communications Controller 
Counter I/O 

FIFO 1/O Interface 

CRT Controller 

FIFO Buffer/FIO Expander 


Burst Error Processor 


8060 
8065 
8068 
8073 
26861-4 
8121 Octal Comparator 


Data Ciphering Processor 


System Timing Controller 


High Performance Bus Transceivers 


8127 Clock Generator and Controller 
29827/28 High Performance Bus Buffers 

Refresh and EDC Controller (16 MHz) 
Refresh and EDC Controller (22 MHz) 


High Performance Bus Registers 


8167 
29821-6 


29841-6 High Performance Bus Latches 
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Part Number Description ee | 


Bipolar Support Circuits 
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MOS Microprocessor 


Analog Data Acquisition Product Guide 


and Cross Reference 


DIGITAL-TO-ANALOG CONVERTERS 

GENERAL PURPOSE 8-BIT 

DAC-08 Industry Standard 8-Bit Multiplying D/A 
Am1508/1408 Multiplying D/A 

SSS1508A/1408A Multiplying D/A 

MICROPROCESSOR COMPATIBLE 8-BiIT 

Am6080 Contains 8-Bit Data Latch with Write, Chip Select and Data Enable Logic On-Chip 
Am6081 Same as Am6080 Plus On-Chip Multiplexer 
GENERAL PURPOSE 12-BIT 

Am6012 Low Cost, 250ns Setting Time, Multiplying 12-Bit D/A 
Am6022* High-Speed Version of Am6012, 75ns Setting Time 
MICROPROCESSOR COMPATIBLE 12-BiT 


Contains Reference, Double Buffered Latch, Control Logic and High-Speed Op Amp. 
150ns Current or 400ns Voltage Setting Time 


Am6082* 


GENERAL PURPOSE 14-BiT 

Am6014* 14-Bit Plus Sign Multiplying D/A, 500ns Setting Time 
COMPANDING 
Am6070 
Am6072 


8-Bit, 72dB of Dynamic Range for Control Systems 
8-Bit, u-Law for PCM Communication Systems 


ANALOG-TO-DIGITAL CONVERTERS 
HIGH SPEED 4-BIT 
Am6688 

HIGH SPEED 6-BIT 
Am6606* 100MHz Sampling Rate, 8-Bit Accuracy, Flash Converter 
HIGH-SPEED MICROPROCESSOR COMPATIBLE 8-Bit 


100MHz Sampling Rate, 8-Bit Accuracy, Flash Converter 


ius Conversion Time, Contains Reference, DAC, Comparator, SAR, Scale Resistors, 3-State 


Am6108/6148' Buffers and Control Logic 


HIGH-SPEED MICROPROCESSOR COMPATIBLE 12-Bit 


3us Conversion Time, Contains Reference, DAC, Comparator, SAR, Scale Resistors, 
3-State Buffers and Control Logic 


SAMPLE AND HOLD AMPLIFIERS 
GENERAL PURPOSE 
LF 198/398 


Am6112 


Less than 10us Acquisition Time, Industry Standard Sample and Hold 


Am6420* 500ns Acquisition Time, 10ns Aperture Delay, 0.01% Linearity Error 


*in development. 
**Am6148 is the slim 24-pin, 0.3” version of the Am6108. : 
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VOLTAGE COMPARATORS OPERATIONAL AMPLIFIERS 


Am685 5ns Propagation Delay, ECL Output LF155/156 FET-Input, High Slew Rate and Fast 
Am686 12ns Propagation Delay, TTL Output Setting Time 
Am687 8ns Propagation Delay, Dual 685, LM108 Low Power, +2V to +20V Supply 
ECL Output LM118 High Speed, 15MHz Bandwidth 
Am1500/ Dual Precision LM148 Quad, Low Power 741 
LH2111 
LM111/311 High Accuracy, Low Cost 
LM119 Dual High Speed, +5V to +15V 
Supply 
LM139 Quad, Low Power, High Accuracy 
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CROSS REFERENCE 


Analog 
Signetics Motorola Raytheon Devices 


DAC-08AQ — DACO800LAJ yA0801ADM SE5009F DAC-08AQ DAC-08AQ DAC-O08ADM ADDAC-08AD 
DAC-08HQ DACO802LCJ wA0801HDC NESOO9F DAC-08HQ DAC-08HQ DAC-08HDM ADDAC-08HD 
DAC-O8HN DACO802LCN uA0801HPC NES5009N DAC-O8HP DAC-O8HP DAC-08HBM - 
DAC-08Q DACO800LJ A0801DM SE5008F DAC-08Q DAC-08Q DAC-08DM ADDAC-08D 
DAC-08EQ DACO800LCJ uA0801EDC NESOO8F DAC-08EQ DAC-08EQ DAC-O8EDM ADDAC-08ED 
DAC-08EN DACO800LCN vA0801EPC NESOO8N DAC-O8EP DAC-08EP DAC-08EBM - 
DAC-08CQ DACO801LCJ 4A0801CDC NE5007F DAC-08CQ DAC-08CQ DAC-08CDM ADDAC-08CD 
DAC-08CN DAC0801LCN 4A0801CPC NE5007N DAC-08CP DAC-08CP DAC-08CBM - 


AM1508L8 DACO808LJ uA0802DM MC1508-8F 
AM1408L8 DACO808LCJ pwA0B802ADC MC1408-8F 


MC1508L8 AD1508-8D 
MC1408L8 AD1408-8D 
AM1408N8 DACO808LCN pAO802APC MC1408-8N MC1408P8 - 
AM1408L7 DAC0807LCJ pA0802BDC MC1408-7F MC1408L7 AD1408-7D 
AM1408N7 DAC0807LCN pA0802BPC MC1408-7N MC1408P7 - 
AM1408L6 DACO806LCJ pA0802CDC MC1408-6F MC1408L6 
AM1408N6 DACO806LCN pHAO802CPC MC1408-6N MC1408P6 


SSS1508A-8Q 
SSS1408A-8Q 


SSS1508A-8Q 
SSS1408A-8Q 
SSS1408A-7Q 
SSS1408A-6Q 


DAC312BR 
DAC312FR 


DAC-76BX 
DAC-76EX 
DAC-76X 

DAC-76CX 


SSS1408A-7Q 
SSS1408A-6Q 


AM6012ADM 
AM6012ADC 
AM6012APC 
AM6012DM 
AM6012DC 
AM6012PC 


AM6070ADM 
AM6070ADC 
AM6070DM 

AM6070DC 


AM6072DM 

AM6072DC 

AM6080 DAC0830/1/2t NE5018/19t DAC-808/888t AD558t 

AM6081 - = - - 

ee. ee ee Oe 
ee fe 
AME 148 ee ena GEE ad (er ea) Dema Da 

LF 108 LF 198 oo oe 


tFunctional equivalent only 
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PACKAGING, ORDERING INFORMATION 
GENERAL TESTING, QUALITY ASSURANCE/GUARANTEES 
INFORMATION GATE COUNTS, DIE SIZES, RELIABILITY 

INFORMATION ON MILITARY DEVICES 


General Information Index 


Guidelines on Testing Am2900 Family Devices .............. ccc ceceeesceceeeseeeeeeateeeeenseeeesnenees 13-2 
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Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 

| testing, guard banding, design and other practices common to the industry. 

For specific testing details contact your local AMD sales representative. 
The company assumes no responsibility for the use of any circuits described herein. 


INFORMATION ON 
MILITARY DEVICES 


Advanced Micro Devices is currently updat- 
ing its parts listing to identify those devices 
_ which are fully compliant with MIL-STD-883, 
~ Revision C, Notice 2. For further information, 
including a current listing of military flows, 
and to answer questions regarding specific 
AMD parts, please contact your local AMD 
sales representative. 
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Guidelines on Testing Am2900 Family Devices 


I. INTRODUCTION 


The Am2900 Family represents a major step forward in 
bipolar technology, in that each device contains a number 
of MS!-type functions interconnected on one chip. The gate 
counts in the parts comprising the Am2900 Family are 
around 10-100 times the gate count of MSI functions. While 
this produces a number of advantages for manufacturing, 
such as reduced component count and lower costs, it 
complicates the incoming-inspection problem because test 


_ programs tend to be long and complex and must be 


carefully designed to insure that al/ bad parts are rejected 
and most good parts are accepted. While stating these two 
criteria is simple, reducing them to practice is not. LSI 
devices are not as ''forgiving"’ of simplifications in test 
patterns and assumptions about forcing functions and 
noise levels, as their simpler counterparts. These notes are 
intended to point out some common areas of difficulty and 
their solutions. 


ll. THE PURPOSE OF TESTING 


Testing is performed at most facilities during an inspection 
of purchased material. The reason, of course, is that it is 
much less expensive to screen parts then, than it is to 
troubleshoot and repair completed boards. Ideally, all the 
parts passed by incoming inspection will work in the 
system. This is insured through a specification which 
defines the way the part must behave in the system, and 
the incoming test should confirm that devices received 
meet the specification. The incoming test should not reject 
devices which meet the specification. When test programs 
are too tight or test for conditions not contained in the 
specification, delays in shipments occur and significant 
costs are incurred by both the vendor and the buyer trying 
to resolve "correlation problems." 


ill. GUARANTEEING THAT THE PARTS WORK 


One step in testing devices is to perform DC parametric 
tests: loc, Von, Vo, and the like. These tests on bipolar LSI 
are not really different from those performed on simpler 
TTL devices, except that the number of pins involved is 
greater, and more complex set-ups may be required to put 
outputs in the proper state for testing. Another step is 
functional testing, and for bipolar LSI, function tests are 


Significantly different than for MSI. The function tests must 


first insure that the device is capable of working, i.e., it's 
hooked up correctly inside. These kinds of tests can be 
described as ''stuck-at-one, stuck-at-zero'"' tests, because 
they are designed to exercise each gate in the part. Even 
for a part as complex as the Am2901, the ‘'stuck-at'’ tests 
can be performed quickly. Less than 400 test patterns must 
be applied to the part to exercise every gate. 


But, ''stuck-at'' tests make an assumption: if a gate works, 
then it works regardless of the state of other gates in the 
circuit. Each gate is treated independently, but, in the 
integrated circuit, no gate is an island. The performance of 
one gate can, in fact, depend on the states of surrounding 


gates, because they share common inputs or common 
ground lines. 


These possible faults are often not tested by ''stuck-at'’ 
tests, because they are not independent of the state of 
surrounding logic. These potential faults depend on the 
physical and logical construction of the circuit. They are 
usually called ‘pattern sensitivities." Pattern-sensitive 
faults, like the two described above, are not something 
new. All digital products exhibit pattern sensitivities - even 
SSI. But, on simpler parts, either traditional ''stuck-at'' tests 
happen to find most of them, or the parts are easy enough 
to test that all possible data patterns are generated during 
testing. Neither of these circumstances is true for bipolar 
LSI. A special effort must be made to apply many data 
patterns to the devices to check for pattern-sensitive faults. 
This has been done for years with RAM patterns such as 
GALPAT. It must now be done with logic functions as well. 


In the devices in the Am2900 Family, as with RAMs, testing 
all possible data patterns is not practical, but, the various 
MSI kinds of functions in the devices (register, ALU, 
multiplexer, etc.) can generally be logically isolated, and | 
each of those functions should be checked independently 
for all possible data patterns. This principle works because 
(1) as a rule, it is possible to control the MSI functions in a 
2900 part with some degree of independence, and (2) the 
MSI functions are usually physically separated on the die, 
so that a data pattern within one MSI block will not exhibit 
pattern sensitivity dependent on the data in another MSI 
block. 


In the Am2901, for example, ALU tests using the two RAM 
ports as data sources are unlikely to be affected by the 
state of the data inputs or the Q register. The shift 
multiplexer at the input of the RAM is unlikely to be affected 
by the Q register or the ALU source-select multiplexers. 
The control logic for the ALU source multiplexers should 
not be affected by anything in the ALU. By applying these 
kinds of principles intelligently, function tests can be 
constrained to a few thousand tests which provide a very 
high confidence level that the part is not subject to pattern- 
sensitive faults within its operating range. 


As an example of the test philosophy used on these parts, 
the function tests for the Am2901 are described below. 


Am2901 FUNCTION TEST DESCRIPTION 


The following describes the function tests performed on the. 
Am2901. The OE pin is low during the entire function tests 
and each test gets one clock pulse. 


A-Port GALPAT via ALU 


These are tests in which the A-address of the 2-port RAM is 
tested for Galloping "ones" in a field of ''zeros.'' During 
these tests, the B-address is the same as the A-address 
and OP code 337 is used for a write operation, while OP 
code 134 is used for a read operation. The four shift- 
operation pins, Qo, Qg RAM, and RAMs, are ignored. 
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B-Port GALPAT via ALU 


These are tests in which the B-address of the 2-port RAM is 
tested for Galloping ''ones"' in a field of ''zero.'' During these 
tests, the A-address is the inverse of the B-address and OP 
code 337 is used for a write operation while OP code 133 is 
used for a read operation. The four shift-operation pins, Qo, Q, 
RAM, and RAMs, are ignored. 


A-Port GALPAT Bypass ALU 


These are tests in which the A-address of the 2-port RAM is 
tested for Galloping ''ones"' in a field of ''zeros.'' During these 
tests, the B-address is the inverse of the A-address and OP 
code 337 is used for a write operation while OP code 233 is 
used for a read operation. The four shift-operation pins, Qo, Qs, 
RAM, and RAMs, are ignored. 


Repeat 1 above by inverting the Data and Y output information 
on Dz. and Y3.. All other outputs are ignored. This performs 
Galloping ''zeros'' in a field of ''ones"' for the A-Port via ALU. 


Repeat item 2 above by inverting the Data and Y output 
information on D3. and Y3.o. All other outputs are ignored. This 
performs Galloping ''zeros'' in a field of ''ones'' for the A-Port 
via ALU. 


Repeat item 3 above by inverting Data and Y output informa- 
tion on D3.5 and Y3.9. All the other outputs are ignored. This is 
Galloping ''zeros'’ in a field of "ones" for A-Port bypass ALU. 


ALU Source Code 


During these tests, the A- and B-addresses are at word 
locations preloaded with known values. The Q register is also 
preloaded. Then, with the ALU destination OP code = 1 (No- 
OP) and the ALU function code = 6 (exclusive OR), the source 
code is cycled through from 0-7. The function code is then 
modified to 7 (exclusive NOR) and the source code sequence 
is cycled through once more. 


ALU Function Code 


During these tests, the memory is preloaded with content 
equal to the address. In other words, word 0 is loaded with 0, 
word 1 with 1, and so on. Then, with A-address = B-address, a 
destination OP code of 1 (No OP), and a source OP code of 1 
(A&B Port selected), the ALU function code is cycled through 
the sequence of 7, 5, 4, 0, 1, 3, 2, 6 for every set of A&B 
address. This whole sequence is then repeated with A- 
address equal to the inverse of the B-address. 


Arithmetic Operation & Carry Generation 


During these tests, the memory is preloaded with content 
address. With OP code 105, whereby D input is added to the 
A-Port of the memory, the tester cycles through every possible 
D input added to every word in memory with carry in being 
both one and zero. 


Q Register Operation 


During these tests, the Q register is first loaded with all zeros. 
Then, with Cn = LOW and with OP code 006, whereby Q 
register is loaded with the sum of data input and Q-register 
content on every clock cycle, the device is clocked through all 
possible data inputs. The Cn input is then changed to a HIGH, 
and with OP code 016 whereby Q register is loaded with the 
difference of Q-D. The device is clocked through all possible 
data input again. This checks both the add and subtract 
modes of the ALU, the internal-carry-lookahead circuitry and 
the Q-register operation. 
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Q Register Shifting 


During these tests, a unique string of data (11100001 
010011011110) is shifted into the appropriate shift inputs. OP 
codes used in this group of tests are 432 for shift left, 532 for 
no shift, 632 for shift right and 732 for no shift. 


RAM Shifting 


During these tests, A- and B-addresses are at word 0. A string 
of data (11100001010011011110) is shifted into the appropri- 
ate shift inputs. OP codes used are 434 and 533 for left shift, 
634 and 733 for right shift. 


iV. AVOIDING THE REJECTION OF GOOD 
DEVICES 


Discrepancies in testing results between the vendor and the 
buyer result in much irritation and substantial costs for both. 
Some of the common sources of these discrepancies are 
discussed below. 


Testing for Unspecified or ''don't care" 
Conditions 


The data sheet (or purchase specification) defines the charac- 
teristics of the part. It is hard enough to test for everything 
specified without adding additional tests for unspecified pa- 
rameters. If the state of an output is not specified under 
certain conditions, then it should not be tested. 


Noise 


Many testing problems result from noise produced by the 
interactions of the device being tested and the test system. 
Typical test fixtures have lead inductances several times that 
of a PC board socket. This inductance, especially in the device 
ground path, is the source of these problems. 


When the inputs to the device are changed there is a 
sequence of rapid changes in the device's ground current as 
signals propagate through internal gates to the outputs. These 
appear as changes in the voltage drop across the device 
ground lead. This voltage drop can be as much as 2 volts 
across a few inches of wire. Rise times are on the order of 
Insec and pulse widths range from 2 to 10nsec. Output 
transient current during switching may be 50 to 100mA. The 
test systems input and output reference voltages are set with 
respect to tester ground and are not affected by these 
transients. Consequently the effective input voltages to the 
device will vary. If the ground pin goes up 1 volt, all the inputs 
effectively go down 1 volt. 


This must be considered in selecting levels for V,, and V4. The 
device data sheet says V, must be less than 0.8V and Vy, 
more than 2.0V. But this is as measured at the device package 
pins, between input and ground. This means that if the ground 
varies +0.5 volt the input levels must be V, <0.3V and 
Vin S2.5V. If this is not done, a noise pulse could, for 
example, make the clock input effectively go high in the middle 
of the clock low time, causing an extra clock pulse. A similar 
situation exists at the device outputs, requiring Vo, to be set 
higher, and Vo, lower, than the data sheet numbers. AMD 
uses V, =OV, Vi, =3V, Vo. =1V, Vou = 2V for functional 
tests. 


Proper observations are important to the understanding and 
control of these problems. Small changes in timing, bypass 
capacitors, etc. will have large effects on the noise. An 
oscilloscope of 200 MHz or greater bandwidth is essential. 
Noise voltage should be measured at the device ground pin (at 
the device package edge, not the bottom of the test socket). 
Connect the probe ground to the tester chassis. In order to 
see the peak noise voltage, cycle the tester through a long 
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pattern. Trigger the scope internally from the noise waveform. 
Turn the trigger level slowly up until the trace is almost lost. 
The peak noise voltage will appear at the left side of the 
screen. Sweep speed should be about 10nsec/div. Repeat for 
the peak of the opposite polarity. 


Another useful technique is to identify a particular test pattern 
location which causes significant noise. Sync the oscilloscope 
to this test cycle. Using a two channel scope, connect one 
channel to an input pin and the other channel to the device 
ground pin. Invert the channel on the ground pin and add the 
two channels. The waveform will show the effective input 
levels. 


An additional problem is introduced by I/O pins. When output 
load circuits are connected to these pins the tester must drive 
the load and the device when the pins are inputs. If the tester 
has a driver impedance of 50 ohms and the load supplies 
16mA into Vo,, the input level produced will be 0.8V too high. 
This must be compensated by further reducing the pro- 
grammed V,, for only the |/O pins. Some devices are sensitive 
to input voltages below ground. 


Guidelines 


If the tester does not provide suitable alternate driver supplies, 
it may be necessary to provide resistor pullups for input-only 
pins. 


The same ground lead inductance problems causes difficulties 
in DC testing. Many DC tests require some functional se- 
quence to produce the correct device state. The input levels 
must be such to avoid false clocks, etc. DC tests may be used 
to verify input threshold levels. To do this, an output test such 
as Vo. OF Vox is selected where the outputs combinatorally 
depend on the inputs. Using non-threshold levels the appropri- 
ate input conditions are applied. The input levels are then 
reprogrammed to threshold levels. The outputs are then 
measured for Vo, OF Voy. It is not possible to do the functional 
set-up with threshold levels, even if it is only a single line, as 
oscillations may occur. Switching between alternate driven 
supplies also may generate sufficient noise to cause prob- 
lems. 


AC Testing 


Many modern testers allow switching tests to be performed 
during the application of complex test sequences. The switch- 
ing and function tests can then occur together. Unfortunately, 
this blurs the distinction between functional failure and switch- 
ing-speed failure when a device is rejected, so, it is a good 
idea to do some preliminary function testing with ''loose'’ AC 
limits before trying to do everything at once. When function 
and AC testing are combined, it is important to consider the 
driving conditions under which the AC parameters are tested. 
‘Switching measurements on Bipolar ICs are usually made with 
input levels switching between OV and 3.0V (sometimes 0.4V 
and 2.4V are used). The output transition is measured at 1.5V 
(sometimes at 1.3V). 


They are never specified at threshold levels (0.8V and 2.0V) 
because of noise problems. 


Realistic AC tests require sequencing through many lines of 
test patterns to include a variety of data patterns. Unfortunate- 


ly the AC accuracy of most modern logic testers is not as good 
as memory testers. There are often significant differences 
between different waveform formats. The position of an edge 
may depend on whether adjacent pins are switching and 
whether they are going up or down. This limits the accuracy of 
testing, especially for such parameters as hold times, where 
tester error usually exceeds the difference between device 
typical and data sheet maximum. This may be observed on an 
oscilloscope by cycling the tester and synchronizing the scope 
to a repetitive pulse, such as the device clock pin.* Do not 
trigger the scope on any particular tester cycle. Observing a 
device input on the second scope channel will show many 
overlapping transitions, positive and negative. The width of 
this band must be added to other error sources to determine 
tester accuracy. 


Temperature Testing 


Integrated circuits are specified to operate over either the 
commercial range of 0°C to +70°C or the military range of 
-55°C to + 125°C. Standard screening procedures (from MIL- 
STD-883) call for 100% testing at 25°C followed by sample 
testing at the high and low temperature. Many users duplicate 
this test sequence in their incoming inspection, and some test 
100% at temperature. 


Testing problems are rarely encountered at low temperatures, 
if care is taken to prevent ice formation on the test socket. At 
high temperature, difficulties may arise because of the difficul- 
ty in creating a test environment which is representative of the 
thermal conditions found in the system. 


High temperature testing with a controlled ambient tempera- 
ture is very difficult because the thermal coefficient between 
the package and the surrounding environment depends on 
humidity, rate of air flow, package color, connections to 
package pins, and position of surrounding devices. For testing 
purposes, only the case temperature can really be controlled. 
(Most systems’ thermal engineering is also designed to 
control case temperatures.) 


V. INCOMING INSPECTION AND 
TESTING SUPPORT PRODUCTS 


AMD provides several products to assist in the development 
of incoming inspection testing for most Am2900 LSI devices. 
See the table on the following page for specifics by device. 


Sentry Test Programs 


These are complete data sheet function, DC and AC parame- 
ter programs. They run on a Fairchild Sentry Vil with low 
voltage test heads, 4K local memory and SPM. Complete load 
board documentation is included. Programs are supplied on 
magnetic tape in TDX format. Source files in ASCII code on 
magnetic tape can be provided for those who wish to generate 
test programs for other testers. Test programs require a 
licensing agreement. 


Correlation Kit 


This consists of two devices and datalog from AMD's charac- 
terization program. 


ORDERING INFORMATION 


Order Code Description 


AM29XX - SEN Sentry Test Program 
AM29XX — KIT Correlation Kit 


*Use a sweep speed of insec/div. 
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IMOX™ Reliability Report 


Advanced Micro Devices 


SUMMARY 


This report is a comprehensive summary of reliability test 
data accumulated on AMD's IMOX process. IMOX is an 
acronym for ion-IMplanted/micro-OxXide isolation. AMD 
presently uses this wafer fabrication process on all new 
Bipolar products, including Bipolar Memory, Interface, Logic 
and Microprocessor devices. We present not only the 
statistical data, but also discuss the process itself, typical 
failure mechanisms, and the test methodology behind the 


IMOX is a trademark of Advanced Micro Devices,inc. 
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data. The results show experimental and statistical proof 
that the AMD IMOX process ensures system designers of 
long life and highly reliable Bipolar devices. 


In line with Advanced Micro Devices' commitment to 
provide customers with high quality, high performance 
devices, we will continue to evaluate devices for reliability 
through ongoing HTOL (high temperature operating life) 
testing. This report will be updated at regular intervals as 
new reliability data is accumulated. 
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PROCESS 


The IMOX process utilizes ion-implanted transistors, oxide 
isolation and dual-layer metal to create fast, high performance 
Bipolar devices that consume less power as well. 


IMOX processing allows for reduction of transistor geometries 
and the amount of unused space surrounding a transistor, 
which means that individual transistors can be built significant- 
ly smaller and closer together. Since decreased geometries 
are obtained without a reduction in photolithographic line 
width, no increase in the process sensitivity occurs. Speed is 
one of the most vital characteristics of a Bipolar device. With 
the tighter layout and reduced capacitances of IMOX process- 
ing, we have improved the speed on many devices by as much 
as 25-30%. Tighter layouts have also allowed us to utilize 
previously unavailable die space for increased complexity. 
This is represented in two new AMD Bipolar VLSI devices, the 
Bipolar Microprocessor, Am29116 and the 16x16 Parallel 
Multiplier, Am29517. 


BULK 1% 


RFO00100 


Key: Failure type distribution for STTL/LSI Integrated Circuits 


(data derived from Reliability Analysis Center study, 'Micro- 


circuit Screening Effectiveness,’ 1978-Order No. TRS-1, 
78). Data based on field failure information available to 
RAC, not life test data. 


Figure 1. Normalized Distributions of STTL/LSI 
Malfunctions 


DIFFUSION 


Diffusion-related mechanisms generally cause marginal de- 
vice parameters which affect the performance of the device in 
certain operationally extreme situations. Electrical stresses 
induced during operation at elevated temperatures are effec- 


FAILURE MECHANISMS 


Failures in integrated circuits are frequently categorized by the 
phase of manufacturing or the component of the part's 
structure that is associated with the determined failure mecha- 
nism. Failure distributions often are presented as pie charts 
with slices of the pie named for these categories (see Figures 
1 and 2). The failure category distribution percentages are 
roughly those expected for Bipolar IMOX devices. Each of 
these categories may contain several distinct failure mecha- 
nisms-the basic physical or chemical process that results in a 
failure. The external indicators of a failure (the failure mode) 
are generally electrical in nature: opens, shorts, non-functional 
or parametric anomalies. There may be different mechanisms 
indicated by a single failure mode. The following is a discus- 
sion of the commonly observed failure mechanisms in inte- 


grated circuits. 


BULK 1% 


DIFFUSION 8% 


OXIDE 15% 
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Key: Failure percentages are averages based on past failure 


Figure 2. 


tive in screening marginal diffusion problems. The activation’ ~ 


energy associated with this general mechanism is difficult to 
assign without knowing more about the exact process, but it 
can be assumed to be 1.0eV for other than the dielectric 
breakdown. 


OXIDE 


Oxide-related faults can be found in the thermally grown oxide 
regions or in the deposited passivation layers. Defects in the 
latter sometimes lead to chemical attack of the underlying 
layers if corrosive elements are present. Activation energies 
for these types of defects are very large ( > 1.0eV). Metal-to- 
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analysis studies performed by engineers at AMD. 


AMD Observed Distributions of STTL/ 
LSI Malfunctions 


metal or metal-to-semiconductor breakdown can also occur. 
These are often caused by pinholes, contaminants in the 
oxide or with photolithographic defects. Though the time 
dependence for oxide failure is more voltage than temperature 
related, life-tests are effective in electrically stressing oxide 
imperfections. 


BULK 


Bulk (silicon) defects are those associated with the silicon 
wafer or die itself, such as crystal imperfections, resistivity 
gradients, expitaxial layer defects, damage to the die, and 
foreign material precipitates. These defects in themselves do 
not change with time at even the highest die operating 
temperatures, but they can become part of the active region of 
the device when built-in charge changes occur. This failure 
mode is very rare. Of the total failure rate percentage, this type 
of failure occurs less than 1% of the time. 
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SURFACE 


lonic-contamination-induced inversion and channeling are the 
most frequently detected surface related mechanisms. At 
elevated temperatures, ions become mobile in or on the oxide 
covering the die. If the device is powered, the ions will be 
attracted to high field regions that exist near reverse biased 


junctions. This accumulation of charge can induce a surface 


layer (channel) of a conduction type opposite to that of the 
adjacent region (inversion), i.e., an N-type channel on a P-type 
region. Additional modes of failure are altered parasitic device 
characteristics, parasitic capacitance and ''leaky''. bipolar 
junction characteristics. The effects of built-in charge may be 
very slow in appearing, showing up only after many hours 
under bias at elevated temperatures. The activation energy 
associated with charge migration in silicon dioxide has been 
found to be 0.5 to 1.0eV. 


METALLIZATION 


A familiar mechanism of metallization-related failures is metal 
migration. When high current densities on the order of 
hundreds of thousands of amps per square centimeter occur 
at elevated temperatures, the metal (aluminum) atoms are 
carried along by the electron flow, causing migration of the 
metallization opposite to the direction of current flow which 
results in wear out. This may be in the form of disconnects, 
breaks, metal lead opens, etc. AMD's design rules for a 
metallization stripe cross section provide for a maximum 
current density of 200,000 amperes per square centimeter, 
well within the MIL-M-38510 maximum allowable current 
density for glassivated aluminum conductors. The activation 
energy of electromigration has been determined to be 0.5 to 
1.0eV. 


Open metallization detected in failed devices may be due to 
metal migration. The high current condition required to cause 
metal migration is often found to be the result of a defective 
circuit element. Photolithographic or masking defects some- 
times result in reduction of metallization cross-section which is 
sufficient to allow metal migration to occur. The mechanism by 
which a severely scratch-damaged metal stripe opens in a 
very localized area is probably metal migration. Open or short 
conditions will be easily detected during internal visual inspec- 
tion. Subtle defects, such as reduced cross-sectional area, 
can be detected by a dynamic life test at high temperature. 


INTERCONNECT, WIREBOND AND 
PACKAGE SEAL/LEAD DEFECTS 


The interconnect category includes failures that result from 
the ‘'flying" lead being damaged by nicking, by work-stressing 
during bonding and by handling subsequent to the wirebond 
operation. The wirebond category includes all types of bond 
failures, including intermetallic formation. The package seal/ 
lead defect category includes hermeticity failures and hermet- 
icity-related failures such as corrosion. None of these failure 
types are found in a life-test program. They are controlled by 
material selection, receiving inspection, and extensive control 
of the assembly process. The success at these controls is 
verified by examining the results of quality conformance 
testing for military and 'Hi-Rel'' customers, specifically, the 
group B and group D tests (MIL-STD-883, method 5005). The 
group B test (lot acceptance test) includes a wirebond 
strength test. The group D test is a pure-package quality 
conformance test and includes tests for lead integrity, resis- 
tance to thermal shock, temperature cycling, moisture resis- 
tance, mechanical shock, vibration, centrifuge, and salt atmo- 
sphere exposure. Group B and D testing is periodically 
performed by AMD and is available for inspection. 


13-8 


ACCELERATED TESTING 


Semiconductor devices fail as a consequence of certain 
physical, metallurgical and chemical processes, all of which 
have temperature-dependent rates. The rates may also be 
potential or current dependent, but these dependencies are 
generally second-order effects. Users of electronic compo- 
nents are aware of the thermal effect and have frequently 
borrowed the organic chemist's rule of thumb, that reaction 
rates double for a 10°C temperature rise, to estimate the 
effects of high temperature life testing. This procedure does 
not provide the proper acceleration factor if applied for more 
than a decade or two of temperature and is quite inaccurate in 
estimating a 70°C equivalence for a 125°C life test. 


For most processes causing semiconductor failures, the 
Arrhenius equation enables us to determine realistic failure 
rates. Temperature variations and their corresponding reac- 
tion rates can also be calculated for semiconductor devices. 
The following equation can be used over the entire tempera- 
ture range: 


X(T) = C, exp (-E,/KT) 


where: 


A(T) = device failure rate (temperature-dependent) 

T | =absolute temperature (°K) 

K = Boltzmann's constant (8.62 x 10° eV/°K) 

E, =activation energy of the individual device failure 
mechanisms (eV) 

C; =a constant 


The temperatures used are junction temperatures, and the 
ability to use higher temperatures to achieve acceleration is 
constrained by the maximum permissible junction temperature 
under bias. Junction temperatures can be computed using 
power dissipation and package thermal characteristics. The 
following equation shows how those temperatures were de- 
rived: 


Ty = Ta + Oy, [lccmnae) (V, Cas] 
To determine the acceleration factor for temperature, T>, with 


reference to another temperature, T,, simply divide the failure 
rate equations for the two temperatures: 


A ert 4 
pee = |—-— 
A(T 2) K \T, T, 
where: 
A.F. = acceleration factor 


A(T,)/A(T2). = ratio of reaction rates (failure) 


This equation contains one constant whose value is not 
known from physical theory: the activation energy, E,. Activa- 
tion energy reflects the temperature dependence of a particu- 
lar failure mechanism or group of mechanisms. It has been 
determined experimentally for some specific processes. Vari- 
ous investigators disagree as to the exact value of E, because 
such experiments are difficult to conduct and spurious failures 
occur to cloud the results. Table 1 shows the range of these 
values as determined by experimentation. 
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TABLE 1. expectancy of devices can be categorized into three distinct 
ACTIVATION ENERGIES FOR CERTAIN intervals: 
PROCESSES 


a. Infant Mortality 
Surface Contamination 1.2-1.40 eV b. Operating Range 


Electromigration 0.5-1.00 eV c. Old Age Mortality 
Oxide Defects (dielectric breakdown) 0.3-0.40 eV 


Corrosion 0.3-0.60 eV 
Intermetallic Growth (gold aluminum) 1.0-1.05 eV 
Slow Trapping 1.30 eV 


An example of this distribution is shown in Figure 4. The 
results of this study are from long-term life tests. These tests 
are performed for 1000 hours or more without an initial burn-in. 
; Therefore, ''Infant Mortalities'’ are included in the failure rates 
RELIABILITY TEST STUDY ) of the units tested. With the inclusion of a burn-in process, the 
failure rates of the IMOX devices are expected to be less than 
the failure rates calculated in this report. 


The approach used in this report for evaluating reliability 
involves the concept of failure rates as a function of time. Life 


An Arrhenius plot may be used to predict the effect of temperature shift for a particular population at a given average activation energy. This plot has been set up around 
a 1000-hour test at 125°C for two activation energies, 1.0eV and 0.466eV. Equivalent test times of other temperatures may be determined for either a 1.0eV or a 
0.466eV process. For example, an equivalent test time for 0.466eV at any temperature may be determined by simply picking an appropriate temperature and reading 
the number of hours corresponding to the intersection of the temperature and the 0.466eV line. 


Figure 3. Arrhenius Plot 


1x10 171x105 141x108 1107 


LOG TIME 


RFO000210 


Figure 4. Life Expectancy of Devices 
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IMOXx™ Reliability Report 


Table 2 shows that units were subjected to HTOL (High 
Temperature Operating Life) testing at 125°C and 150°C per 
MIL-STD-883, method 1005 and 1015, conditions C and D. 
For an example of an HTOL circuit, see Figure 5. Data was 
collected on the SN54LS374A and the Am27S184/185 (cer- 
dip and plastic) devices. The testing yielded 10,864,000 
device hours worth of data. In total, 20 failures were recorded 
indicating a failure rate range (at 60% confidence level) of 
0.183-0.50 per 1000 hours at 125°C using the chi-squared 
distribution. 


This table also includes corresponding calculated failure rates 
at lower temperatures using an activation energy level of 
1.0eV. The failure rate for the IMOX processed SN54LS374A 
is less than .0025% per Khr at 70°C (cerdip) and less than 
.0045 per Khr at 70°C (plastic). The failure rate for the 


Am27S184/185 is less than .0120 per khr. The lower tempera- 
tures (70°C and 25°C) are chosen to give users reliability 
predictions at the high end of the commercial operating 
temperature range and at the average ''room temperature" 
operating temperature of a commercial system. 


Other IMOX Bipolar devices which are presently undergoing 
HTOL testing are: Am2901C, Am29116 and Am29516. After 
recently completing 1000 cumulative hours of dynamic life 
testing (condition D) at 125°C, the 94-piece lot of Am2901C's 
resulted in a zero reject rate. Preliminary data has been 
gathered on each device type. At this time, statistically 
calculated rates would not accurately reflect the products’ 
failure rate. After further testing is complete, failure rates will 
be calculated for each product and supplied in an addendum 
to this report. 


TABLE 2. IMOX RELIABILITY OPERATING LIFE TEST DATA SUMMARY 


54LS374A 
Cerdip 
Plastic 


27S184/185 


29116 
29516 


Notes: 


Number Device Number %Fall Bee 

of Units of Rejects nrasc | xo | rec | me | 250 
1435 6856 0.160 0.183 0.002 .00001 17 
ee 110 a ee 235 oe 274 0.003 .000015 26 


[e.0046 | 000026 [48 | 028 


ae Test in pokes 
THE DATA FROM 29116 CAN BE APPLIED. 


ial ae eee ee ee 


1. All calculated failure rates and Fits Nos. used the Arrhenius Equation with 1.0 VeV activation energy. 


2. Fits = Failure in 10° hrs at 70°C and 25°C using a 60% confidence level. 


SUMMARY 


This report summarizes the actual reliability testing of AMD's 
proprietary process, IMOX. The statistical data and charts are 
presented to provide accurate comparative information. The 
demonstrated failure rates of the devices at 70°C reflect the 
high reliability of IMOX processed products. The design rules 
for IMOX processing are the same for all Bipolar products. 
Therefore, similar testing performed on other Bipolar devices, 
i.e., Am29116, would also result in very low failure rates as 
seen in this study. 


Analysis of the various failures have shown that the device 
failures were of a random mode and their degree of occur- 
rence was inconsistent. No inherent process failure mecha- 
nism has been found in the IMOX process. In conclusion, 
IMOX is the superior method for Bipolar wafer fabrication and 
for building high reliability into AMD devices. 


Conditions: 1. Pin 10: Device Ground 
2. Pin 11: CP; - 100KHz + 10% 
High levels: +3.0V to +5.0V 
Low levels: -0.2V to 1.2V 


MIL-STD-883 Method 1015 Condition C 
C - Steady state, power and reverse bias. 
Inputs reverse biased. 
This circuit was used for testing the SN54LS374A. 


Figure 5. HTOL Circuit Configuration 


References 
IMOX Reliability Report by Beverly Henry. In preparation of this report, Chris King, Wisty Olsson, 
Ann Rosser, Chris Schmidt and Pauline Seales provided valuable assistance. 
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Gate Counts and Die Sizes by Device 


The following data is useful for hybrid design and for MIL-STD reliability calculations. The gate counts are only an 
approximation for LSI devices because the circuit implementation often uses multi-level gates and unique logic structures, 
not just NAND and NOR gates. 


Am25S/25LS 


Part Number (Approximate) in Mils? = .001 x .001 in.) (in Mils = .001 in.) 
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Gate Counts and Die Sizes by Device 


Am26S/26LS 


Part Number (Approximate) (In Mils? = .001 x .001 in.) (In Mils = .001 in.) 
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SS Es Seas SG I eS 
ee 
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een [Roam 1 CRO he a al cee Colemiigag§) remain Fat | 
eee ee a ee 
oe Pee eee a a 
eee foe a | 
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Equivalent Number of Gates Die Area Die Dimensions 
Part Number (Approximate) (in Mils? = .001 x .001 in.) (in Mils = .001 in.) 
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Sh ok a iS a ET 
Ce ae Sa ON 
el re as ar a Le 


oe a ee 
5 a ee AS an EN LT 
<- e SaNY  DN UE SEM ST 
[i el i ST LT ED SA 
om me 
2 ee 6 Te ee ER Se 
C0 St ae ree gaa 
2 Se eS ls ee 
fe i es A Ca mE 
Ee Le ee UR RAG 
i 7 el a ee TAY REED ENE ae 
a. |. ae 
2) 2 a Se EE ee 
2 ee a ae Me 
i a a MG TERE 
[2 a Sa EE 
Sl ae a Te 
oi ae ee TE 
a a Sa et 
1) St a Ce PT eS 
|. eS ee ee 
oc ee ee, es ee SE 
aa a ee 
| Se a ES RON REE Ss 
ee 
ee [oe ea 
eee 
— {se 


13-12 Refer to Page 13-1 for Essential Information on Military Devices 


| Equivalent Number of Gates Die Area Die Dimensions 
Part Number . (Approximate) (in Mils? = .001 x .001 in.) (in Mils = .001 in.) 
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Am2968 
Am2969 
Am2970 


In development 
In development 
In development 
In development 


oe ee ee 
oo a en ee a 
Am29203 

es shoe mublinod laateeepenccd [aeons 


Am29510 In development 

Oe OS LL eee 
Am29516A In development. 

Am29517 
Am29517A 


In development 


oe ee eee 
os Rl ae eT ees 
Am20526 
Am29527 N/A ~ N/A N/A 
Am29528 N/A N/A N/A 
Am29529 
a a seh g N/A N/A 
3 ae -  e  e 
Ses GR EL eee Sena ORTTNTTT ae eR GT 
AmBSB00A N/A N/A 
a ee eee eS ee TT 
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Am29811A N/A N/A N/A 
Am29818 96 x 118 
Am29821 64 x 84 
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Gate Counts and Die Sizes by Device 


Equivalent Number of Gates || Die Area Die Dimensions 
Part Number (Approximate) {in Mils? = .001 x .001 in.) (in Mils = .001 in.) 


Am20e22 eaxe4 
homes ce OO ee 64x64 
— fo we 6a x64 
aa ee ee ee 64x64 
i ee 64x84 
a Se N/A 
— 2 Le N/A 


Am29833 In development 
Am29834 In development 


Am20041 aax6s 
Am20042 G4 x64 
Am2084s a4 x64 
Ame064d 24 x64 
Am20646 G4 x64 
Am20646 a4 x64 


Am29853 in development 
Am29854 In development 
Am29861 N/A N/A 
Am29862 N/A N/A 
Am29863 N/A N/A 
Am29864 N/A N/A 


8XXX MOS MPU Support 


Equivalent Number of Gates Die Area Die Dimensions 
Part Number (Approximate) (In Mils* = .001 x .001 in.) (in Mils = .001 in.) 
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Package Material Configurations 


Multilayer Ceramic Ceramic 


Brazed Packages Chip Carrier Cerdip Plastic 
Package Body Material 90% Alumina (Min) [90% Alumina (Min) | Novolac Epoxy 


: Dabs Silver 
2 ‘ ee =e Gold/ Gold/ Silver 
Die Attach Material Gold/Silicon Gold/Silicon Silicon Gols Silicon Epoxy 
: ° ° ° % 200°C 
Die Attach Temperature 440°C Max 440°C Max 440°C Max 440°C Max (Curing Temp) 


Bond Finger Metallization Gold =—————s«d Aluminum =———S—SSsé Gold or ‘Silver 
Bonding Wire Aluminum/1% Silicon 
Bonding Method Ballbonding 
Seal Ring Metalization [God —=—SS«dG «(NO 


: : Lead/Tin/ ; : 
Seal Material Gotartin Silver Gold/Tin Vitreous Glass 
: : Alloy 42 Alloy 42 : ‘ 
Lid Material (Gold Plated) | (Tin Plated) Alloy 42 (Gold Plated) |90% Alumina (Min) 
° ° 175°C Max 
370°C Max 470°C Max (Mold Temperature) 


@) 
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Seal Temperature 


/A 
/A 
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AR 
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Seal Ambien ae eo ea 
Lead Materia Alloy 42 Alloy 42 
Lead Finish aod [te 
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Thermal Characterization of Packaged Devices 


APPLICATION NOTE 
by J.L. Hayward 


DEFINITION OF THERMAL RESISTANCE 


The reliability of an integrated circuit is largely dependent 
on the maximum temperature which the device will attain 
during operation. Because the stability of a semiconductor 
junction declines with increasing temperature, knowledge 
of the thermal properties of the packaged device becomes 
an important factor during device design. In order to 
increase the operating lifetime of a given device, the 
junction temperatures must be minimized. This demands 
knowledge of the thermal resistance of the completed 
assembly and specification of the conditions in which the 
device will function properly. As devices become both 
smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 


Thermal resistance is defined as the temperature rise per 
unit power dissipation above some referenced condition. 
The unit of measure is typically °C/watt. The relationship 
between junction temperature and thermal resistance is 
given by: 


| T; = Tx + PoResx (1) 


where: T; = junction temperature 
T,  =reference temperature 
P; |= power dissipation 
Rex = thermal resistance 
X = some defined test condition 


In general, one of three conditions is defined for measure- 
ment of thermal resistance: 


Reic — thermal resistance measured with respect 
to the temperature at some specified point 
on the package surface. 


Rosa - thermal resistance measured with respect 

(still air) to the temperature of a specified volume of 
still air. 

Rasa -— thermal resistance measured with respect 

(moving air) to the temperature of air moving at a_ 


specified velocity. 


The relationship between Rajc and Roca is 


Resa = Rasc + Roca 


Where Ry, is a measure of the heat dissipation due to 
natural convection (still air) or forced convection (moving 
air) and the effect of heat radiation and mounting tech- 
niques. Rec is dependent solely on material properties and 
package geometry; Re, includes the influence of the 
surface area of the package and environmental conditions. 
Each of these definitions of thermal resistance is an 
attempt to simulate some manner in which the package 
device may be used. 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component 
materials and the geometry of the heat flow paths. Like 
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other material properties, thermal conductivity is usually 
temperature dependent. For alumina and silicon, two com- 
mon package materials, this dependence can amount to a 
30% variation in thermal conductivity over the operating 
temperature range of the device. The thermal resistance of 
a component is given by 


L 
a KCDA (2) 


where: L = length of the heat flow path 
A =cross sectional area of the heat 
flow path 
K(T) = thermal conductivity as a function of 
temperature 


and the overall thermal resistance of the assembly 
(discounting convective effects) will be: 


Re = 2R Preece 
0 6n KA 


But since the heat flow path through a component is 
influenced by the materials surrounding it, determination of 
L and A is not always straightforward. 


A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 


1 1 
Py = Aa i 2 cA, 7 ™ (3) 


the relationship between P, and T; can be more clearly 
seen. Thus, to dissipate a greater quantity of heat for a 
given geometry, T; must increase and, since the individual 
Re, will also increase with temperature, the increase in T; 
will not be a linear function of increasing power levels. 


A third factor of concern is the quality of the material 
interfaces. In terms of package. construction, this relates 
specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of 
the die attach bond will most severely influence the 
package thermal resistance as this is the area which first 
impedes the transfer of heat out of the silicon die. Indeed, it 
seems likely that the initial thermal response of a powered 
device can be directly related to the quality of the die attach 
bond. 


EXPERIMENTAL METHOD 


The technique for measurement of thermal resistance 
involves the identification of a temperature-sensitive pa- 
rameter on the device and monitoring this parameter while 
the device is powered. For bipolar integrated circuits the 
forward voltage of the substrate isolation diode provides a 
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Thermal Characterization of Packaged Devices 


convenient parameter to measure and has the advantage 
of a linear dependence on temperature. MOS devices 
which do not have an accessible substrate diode present 
greater measurement difficulties and may require simula- 
tion through use of a specially designed thermal test die. 
Choice of the parameter to be measured must be made 
with some care to insure that the results of the measure- 
ment are truly representative of the thermal state of the 
device being investigated. Thus measurement of the sub- 
strate isolation diode which is generally diffused across the 
area of the die yields a weighted average of the condition of 
the individual junctions across the die surface. Measure- 
ment of a more local source would yield a less generalized 
result. 


For those MOS devices for which no useful parameter is 
available, simulation is accomplished using the thermal test 
die. The basis for this test die is a 25 mil square cell containing 
an isolated diode and a 1K{2 resistor. The resistors are 
interconnected from cell to cell on the wafer before it is cut 
into multiple arrays of the basic unit cell. In use the device is 
powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored as in the case of actual devices. 


Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1mA current level at two 
different temperatures. The diode calibration factor is then: 


= — (4) 


in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 


13-16 


The actual thermal resistance measurement has two alternat- 
ing phases: measurement and power on. (See Figure 1.) The 
device under test is pulse powered with an ON duty cycle of 
99% and a repetition rate of < 100Hz. During the brief OFF 
states the device is reverse-biased with a 1mA current and the 
voltage drop is measured. The series of voltage readings are 
averaged over short periods and compared to the voltage 
reading obtained before the device was first powered ON. The 
thermal resistance is then computed as: 


K(Vi-V) _ KAV 
Rex = —~— = 


Vu ty Py 


(5) 


where: K; = calibration factor 
V; = initial forward voltage value 
V; = current forward voltage value 
Vy = heating voltage 
ly = heating current 


The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 


When the end result desired is Re,, (still air), the device and 
the test fixture (typically a standard burn-in socket) are 
enclosed in a box containing approximately 1 cubic foot of air. 
For Rayo measurements the device is attached to a large metal 
heatsink. This insures that the reference point on the device 
surface is maintained at a constant temperature. Through the 
use of heaters attached to the metal fixture, the ''case"’ 
temperature may be maintained at any specified value above 
ambient. The requirements for measurement of Rg, (moving 
air) are rather more complex. They involve the use of a small 
wind tunnel with capability for monitoring air pressure, temper- 
ature and velocity in the area immediately surrounding the 
device tested. Standardization of this last test requires much 
careful attention. 


AF001540 


AF001530 
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THERMAL CHARACTERIZATION DATA FOR THERMAL CHARACTERIZATION DATA FOR 
CERDIPS' | SIDE-BRAZE AND TOP-BRAZE PACKAGES' 


Approximate | Approximate 
Roja Range 
(C/W) 


Side-Braze 27-35 He 


Ros 7 
Top-Braze with 49 
Heat-Spreader 
Top-Braze with 
Heat-Spreader 


Approximate | Approximate 


Width 
(Inches) 


6-7 
4 
7 


THERMAL CHARACTERIZATION DATA FOR THERMAL CHARACTERIZATION DATA FOR 
PLASTIC DIPs' LEADLESS CHIP CARRIERS (JEDEC TYPE C)' 


Lead Approximate R,,, | Approximate Ro c 
Count Range (°C/W) Range (°C/W) 
N/A 


cer [NA 


Approximate | Approximate 
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Width 
(Inches) 


*The Raja values listed for leadiess chip carriers were 
measured with the chip carriers mounted in the 
appropriate burn-in sockets. This restricts convection 
of heat from the package and results in 6 values higher 
than might be expected in actual use. 


*In 1983 AMD introduced copper-lead-frame versions of 
all plastic packages. The copper-lead-frame versions 
have better thermal characteristics than the current 
plastic packages measured above. 


THERMAL CHARACTERIZATION DATA FOR 
CERPAKS AND FLATPACKS' 


Note 1. This data, while derived from actual measurements done on specific packaged devices, is only 
approximate and cannot be guaranteed because of the wide variation of die sizes and device power 
levels. 
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Package Outlines 
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POQ000790 
POQ000770 


Note. Standard lead finish is bright acid tin plate or gold plate. 
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POQ000741 
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MOLDED DUAL IN-LINE PACKAGES (Cont.) 
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Package Outlines 


MOLDED DUAL IN-LINE PACKAGES (Cont.) 
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Note. Standard lead finish is tin plate or solder dip. 
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HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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Package Outlines 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 


FLAT PACKAGES 
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FLAT PACKAGES (Cont.) 
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PO000920 


POQ000900 


Note: Notch is pin 1 index on cerpack. 
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: Package Outlines 
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Package Outlines 
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Ordering Information 


All Advanced Micro Devices' products listed are stocked Proprietary Product Ordering, Package and 
locally and distributed nationally by Franchised Distributors. Temperature Range Codes 


See back of this book for the location nearest you. Please 
consult them for the latest price revisions. For direct factory 
orders, call local AMD Sales Office or Sales Representa- 
tive. See the back of this book for the location nearest you. 


The following scheme is used to identify Advanced Micro 
Devices' proprietary products. 


Minimum Order 


The minimum direct factory order is $100.00 for a standard 
product. The minimum direct factory order for burn-in 
product is $250.00. 


Am29517 D C - 


B 
Device Type POSES FON Eas Additional 


Processing 


Package Temperature 
Style Range 


Package Style Temperature Range Additional Procedures 
D -Hermetic DIP C —- Commercial Blank - Standard processing 
F —Flat Package 0°C to +70°C B - Burn-in 
P —Molded DIP. M - Military 
L —Leadless Chip Carrier -55°C to + 125°C 
X - Dice 


Second Source Product Ordering, Package 
and Temperature Range Codes 


An order number and marking system identical to the The following example is the ordering scheme for Ad- 
original manufacturer's is used for the Advanced Micro vanced Micro Devices' second source to Texas Instru- 
Devices’ pin-for-pin and electrically equivalent circuit. ments' products. 


SN 74 $374 N - B 


Temperature ae ES 282 Additional 


Range Processing 


Device Package 
Type Style 


Package Style Temperature Range Additional Processing 
J —Hermetic DIP C - Commercial B - Burn-in 

N - Molded DIP 0°C to + 70°C 

W -Flat Package M — Military 

X - Dice -55°C to + 125°C 
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U.S. AND CANADIAN SALES OFFICES 


NORTHEAST AREA 


Advanced Micro Devices 

6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617) 273-3970 


Advanced Micro Devices 
(Canada) Ltd. 

2 Sheppard Avenue East 
Suite 1610 

Willowdale, Ontario 
Canada M2N5Y7 

Tel: (416) 224-5193 


Advanced Micro Devices 
(Canada) Ltd. 

AMD 

4019 Carling # 301 
Kanata, Ottawa 

Canada K2K2A3 


Advanced Micro Devices 
290 Elwood Davis Road 
Suite 316 

Liverpool, New York 13088 
Tel: (315) 457-5400 


MID ATLANTIC AREA 


Advanced Micro Devices 
Gateways 

1000 Woodbury Road 
Woodbury, New York 11797 
Tel: (516) 364-8020 

FAX: 516-496-3756 


Advanced Micro Devices 
Waterview Plaza, Suite 303 
2001 U.S. Route #46 
Parsippany, New Jersey 07054 
Tel: (201) 299-0002 


Advanced Micro Devices 
110 Gibralter Road #110 
Horsham, Pennsylvania 19044 
Tel: (215) 441-8210 

TWX: 510-665-7572 


Advanced Micro Devices 
Commerce Plaza 

5100 Tilghman Stregt, Suite 320 
Allentown, Pennsylvania 18104 
Tel: (215) 398-8006 

FAX: 215-398-8090 


Advanced Micro Devices 

205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914) 471-8180 

TWX: 510-248-4219 


Advanced Micro Devices 

10 Main Street South 
Southbury, Connecticut 06488 
Tel: (203) 264-7800 


Advanced Micro Devices 
7223 Parkway Drive #203 
Dorsey, Maryland 21076 
Tel: (301) 796-9310 
FAX: 796-2040 


SOUTHEAST AREA 


Advanced Micro Devices 
4740 North State Road #7 
Suite 202 

Ft. Lauderdale, Florida 33319 
Tel: (305) 484-8600 


Advanced Micro Devices 

15351 Roosevelt Boulevard #201 
Clearwater, Florida 33520 

Tel: (813) 530-9971 


Advanced Micro Devices 
478 Ballard Drive #14 
Melbourne, Florida 32935 
Tel: (305) 254-2915 
FAX: 305-254-2993 


Advanced Micro Devices 

701 East Altamonte Drive 
Altamonte Springs, Florida 32701 
Tel: (305) 834-3333 


Advanced Micro Devices 

15 Technology Parkway #200 
Norcross, Georgia 30092 

Tel: (404) 449-7920 


Advanced Micro Devices 

8 Woodlawn Green, Suite 220 
Woodlawn Road 

Charlotte, North Carolina 28210 
Tel: (704) 525-1875 


Advanced Micro Devices 

303 Williams Avenue Southwest 
Suite 118 

Huntsville, Alabama 35801 

Tel: (205) 536-5505 


Advanced Micro Devices 
6501 Six Forks, Suite 150 
Raleigh, North Carolina 27609 
Tel: (919) 847-8471 


MID AMERICA AREA 


Advanced Micro Devices 
500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 

Tel: (312) 773-4422 


Advanced Micro Devices 

5726 Professional Circle #205G 
Indianapolis, Indiana 46241 

Tel: (317) 244-7207 


Advanced Micro Devices 
9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612) 938-0001 


Advanced Micro Devices 

3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 

Tel: (614) 891-6455 


Advanced Micro 
16985 West BI 
Brookfield, Wi 


NORTHWEST AREA 
Advanced Micro 


* California 94086 
) 720-8811 


Advanced Micro Devices 

One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland, Oregon 97223 

Tel: (503) 245-0080 


MID-CALIF AREA 


Advanced Micro Devices 
360 N. Spulveda, Suite 2075 
El Segundo, California 90245 
Tel: (213) 640-3210 


Advanced Micro Devices 
21600 Oxnard Street, Suite 675 
Woodland Hills, California 91367 
Tel: (213) 992-4155 


SOUTHERN CALIF AREA 


Advanced Micro Devices 

5000 Birch Street 

Suite 6000 

Newport Beach, California 92660 
Tel: (714) 752-6262 


Advanced Micro Devices 
9619 Chesapeake Drive #210 
San Diego, California 92123 
Tel: (619) 560-7030 


MOUNTAIN WEST AREA 


Advanced Micro Devices 
14755 Preston Road, Suite 700 — 
Dallas, Texas 75240 
4. 934-9099 


afited Micro Devices 
8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512) 346-7830 


Advanced Micro Devices 
2925 Briar Park #410 
Houston, Texas 77042 
Tel: (713) 785-9001 


Advanced Micro Devices 
1873 South Bellaire Street 
Suite 920 

Denver, Colorado 80222 
Tel: (303) 691-5100 


Advanced Micro Devices 
40 W. Baseline Road #206 
Tempe, Arizona 85283 

Tel: (602) 242-4400 


Advanced Micro Devices 
1955 W. Grant Road #125 
Tucson, Arizona 85745 
Tel: (602) 792-1200 


— eee 


INTERNATIONAL SALES OFFICES 


BELGIUM 

Advanced Micro Devices 
Belgium S.A. — N.V. 

Avenue de Tervueren, 412, bte 9 
B-1150 Bruxelles 

Tel: (02) 771 99 93 

TELEX: 61028 

FAX: 7623712 


FRANCE 

Advanced Micro Devices, S.A. 
Silic 314, Immeuble Helsinki 

74, rue d’Arcueil 
F-94588 Rungis Cedex 

Tél: (01) 687.36.66 

TELEX: 202053 

FAX: 686.21.85 


GERMANY 

Advanced Micro Devices GmbH 
Rosenheimer Strasse 143B 

8000 Munchen 80, 

West Germany 

Tel: 49 89 41140 

TELEX: 05-23883 - 

FAX: 406 490 


GERMANY 

Advanced Micro Devices GmbH 
Feuerseeplatz 4/5 

D-7000 Stuttgart 1 

Tel: (0711) 62 33 77 

TELEX: 07-21882 

FAX: 625 187 


Advanced Micro Devices GmbH 
Zur Worth 6 

D-3108 Winsen/Aller 

Tel: (05143) 53 62 

TELEX: 925287 

FAX: 5553 


HONG KONG 

Advanced Micro Devices 

Room. 1602 World Finance Centre 
South Tower 

Harbour City 

17 Canton Road 

Tsimshatsui, Kowloon 

Tel: (852) 3 695377 

TELEX: 50426 

FAX: (852) 123 4276 


ITALY UNITED KINGDOM i 
Advanced Micro Devices S.r.L. Advanced Micro Devices (U.K.) Ltd. 
Centro Direzionale A.M.D. House, 

Via Novara, 570 Goldsworth Road, 

1-20153 Milano Woking 


Tel: (02) 3533241 
TELEX: 315286 
FAX: (39) 349 8000 


Surrey GU21 1JT 
Tel: Woking (04862) 22121 
TELEX: 859103 


FAX: 22179 


JAPAN 
Advanced Micro Devices, K.K. 


Advanced Micro Devices (U.K.) Ltd. 


Shinjuku Kokusai Building Thegonese Conte 
6-6-2 Nishi-Shinjuku Science Park South 
Shinjuku-ku, Tokyo 160 Birchwood 
Teenie Warrington WAS 7BH ; 
ag : el: Warrington (0925) 828008 

FAX: 03 342-5196 TELEX: 628524 

WEDEN FAX: 827693 

dvanced Micro Devices AB 
On ToS The International Standard of 


Rissneleden 144, 5tr 
S-172 07 Sundbyberg 
Tel: (08) 7330350 
TELEX: 11602 

FAX: 7332285 


Quali 


ty ‘eens the AQL onall 
electrical parameters, AC and DC, 


over the entire operating range. 
RCRA WEN = aa a 


Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and around the world. For a 


sales agent nearest you, call one of the AMD offices above. 


ADVANCED 
MICRO 
DEVICES 


at 


901 Thompson Place 
P.O. BOX 3453 
Sunnyvale, California 94088 


(408) 732-2400 
TWX:: 910-339-9280 

TELEX: 34-6306 

TOLL FREE: (800) 538-8450 


© 1984 Advanced Micro Devices, Inc. _ 
Printed in U.S.A. 
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